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FOREWORD
4.

I.

Over the last decadesAmericans.haVe been learning to see whae
we.have never seen,before. I refer not to flying saucers but to
people -- people wha have been hidden from us by prejudice, by
custom, and by ignorance. Ralph Ellison describ'ed the phenomenon
for blacks in'his powerful novel, The Invisible Man.

Today, finally% we see theOlack population; we'are*only
beginning to see other groups'.--,women, the American Indian, the
elderly, the handiApped .see them both as national resources,and
as,groupa. having. clgims .on the national-comscienbe:.

This publication is one.of a series-of six, the titles of which
....are listed in the acknowledgement's, that-HUD's.Office of.Policy

Development and Research has sponsbred to accomplish the important
task of making buildings accessible to and'usable by the physically
handicapped through improving'theAmerican National Standards Institute's-.
A117 standard.

Prepared under the supervision of the'Office of Policy Development
.-and Research, these volutea have woni74 research award from
PrOgkessive Architecture:. To quote from the jury comments: "In terms

.

of.the effect that the.work will haveon future architecture and planning,
mihe-new ANCI staridard A117./ 'has got to be the blockbuster of. all It'slkw Very solid piece o.work.."-

It\is indeed. I am proud to present it to you.

4 A.

6*A"4. .?ctai2S2.
.Donna E. Shalala

Assistant Secretary
.

far Policy Development
and Research

0
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Introduction and Objectives

The research reportedhee was initiated to fill some.specific information
needt% 'In the development of the proposed revisions to.a voluntary building'

`standard, ANSI A117.1, Maki0 Buildings and.Facilities Accessible to and
llsable by the Physically Handicapped, a major goal was the use of.technical
criteria generated from i'eliable, empirical research. A review of existing
human factors research on accessibility of buildings for disabled people

.

identified many serious deficiencies in existing information,(see Steinfeld,
1978)..

.

For accessibiltty concerns related to movement disabilities, limita-
tions of stamina and difficulties maintaining balance, the major findings
of the review4ere that there was:

1. .t.imited empirical data about the,use of kitchens,
2. Limited eMpinical Aata about the use cf doorways that

can be a.pplied to American construction practices,
3. No empirical data'on strength and stamina limitations,
4. Conflicting data 'on use of ramps,
5. No empirical data about the use of bathrooms,
6. Limited empirical-data about'negotiating movements in

small spaces tuch as elevators, .

7. Limite4 information on reaching under actual conditions
of use, i.e4 other than anthropametric data.

In general, although a.great many recommendations exist for accessibility
design in all,these areas, few are based on reliable empirical data.
M,ot either have an anecdotal sounce, or rely on a limited dr ambiguous
ata base. .

It was determined that a series.of empirical research studies would pro-

,

-vide a more reliable and valid data base for'the technical criteria of
the standard. The objectives of.the research were to:

p'
1. Clear up confusion caused by differences in existing in-

formation,
2. Fill gaps where little or no research has been done,
3 Determine the differences in optimal conditionsior people

"with different disabilities and degrees.of disability.

The third objectiveis 'related to the peocess of developing standards.
Since voluntary standards such as those of the ANSI (American National
Standards Institute) must be accepted in a consensus process, the optimum\
in aCcessibility may not be acceptable due to political, economic br
technological factors. Weonted to have date available so that as
positions were taken on the technical criteria of the standard, it would
be clear who was being included or excluded from access or use of'
buildings.

In.additton to.the work reported here, research was also initiated that
focused on the mobility problems of 4IPhd and partially sighted

111
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individOals. That research is reported .in a separate document (tee
Aiello and Steinfeld,.1978).

-

Labora,tary Testinilethods
#

1/4

Testing Stations anit General Procedures - Disabled and able-bodied
people performed simulated tasks of,daily living at.mock-ups of actual
public and residential enyironments. :Me research included 'studies of:

Anthrbpometric measurements
- Speed/distante measurements
- Wheel chai r mantuve ri ng--"K"

"L" turns from corridors in
- Push and pull forces
- Kitchen work cente.rs--oven,

chen layout (the bathroom 1
this group due to its simil

rf,- Ramp slope and length-.

- Doorway5
- El eva tor
- Toilet stall design
- Bathroom design, including

layout
- P4blic telephone height
- Public mailbox use

turn, "U" turns around walls,
to passageways

sink, range, mix center, kit-
avatory was also included in
arity with kitchen work centers)

#

bathtub, shower and bathroom

Simulated tasks and environments were used for gathering data in order
to study -many different rarts of kildings with a variety of afferent
arrangements,and configurations and to inVolVe as large a sample of
people as possible. The use of data gathered in tie field would have
been limited to the characteristics of existing -settings and therefore
would not provide 'a sufficient range of observations to identffy optimal
conditions and the full'range of accessibility problems. In addition,
the cost of building real environments for each of the testing stations
and the time required to have each subjett use them were prohibitive.
The Simulation method allowed the research to be as reality-based as
possible within 'the constraints ofinformation'needs-and budget.

The testing stations were locateit in an unused UniVersity building, which
served as' a laboratory for the project. The teSting stations were selected
and designed '.to generate the specific data necessary for meeting our
information .needs and objectives. Theidesign and use of the stations are
described in the rOorts for each station. :\
All testing procedures were standarClized. InstrucOons were written for'
tach testing station. All staff menbers were traindd in the procedures
And team leaders, who where prbfeissional staff, .supervised all laboratory
work. Subjects' were encouraged to try alternative methods of using
testing stations when it was apparentlithat they were ')using an ineffecient
method to accdmillish a task% All testing was cceiplet,ed in casual clothing
and wheelchair users used their own wheelchairs.



Recording and Amalyzing Data - All testing stations were designed, as
far as possible,.to allow automatic' measurement. For example, measu ing
rules or grids were applied directly to equipment so that observers'
only had 'to record the result rather than measure every dimension: his
reduced error in measurement as well as reducing the time required to take
measuOmentst

*

In the analysis of data for individual testing stations, graphic.repre-
seatations were often used to.identify patterns. Methods of analysis
and presentation of results were baAed upon the data needs of developing
standards. Thus, cut-off points 160 determining how many, or which,
5bjects could manage with a giOen design feature were selected b.)/
standard incremerits ccomonlY used_ in design, e.g. six inch increments.. .

41.
4

Recommendations - We have assumed, An making recommendations, that there
will always be some people whose abilities will require specific and
personal adaptation of the physical environment to allow them to use it
independently. Thus, we have included a description of "marginal pop-

, ..ulations" for each set of recommendations. It is our judgment that
.. "'recommended design criteria should not be based on the performance of
lthese people because the nature of their disabilities is so.idiosyn-
cratic that they may or may not be able to successfully use buildings
and facilities given any-aTsTP-criteria.short of'Custom design. Our
recommendations encanpass the people with a 'range of abilities who
clearly would be benefited by standardized design features. This means
that such recommendations would be most convenient to the 6roadest

'range of individuals and nothandicap other people in the convenient
use of the environment,

Subject Sqlection Methods and Recryitment

4 These studies were concerned with the use.of buildings by people with
movement disabilities, limitations of stamina and balance.' Ambulant,
semi-ambulant and non-ambulant people participated. The major disa-
bilities that/sdbjects had were:

1.

2.

Incoordinafion and difficulty manipulating fingers and
hook protheses users,

Difficulty lifting and reaching,
3. Inability to Use lower extremities (wheelChair users),
4. Reliance on walking aids; .

5. biffieulty bending and kneelin_,,
6. Difficulty.sitting down or getting up from a chair,
7. Difficulty using stairs 'or inclines or difficulty

walking'long distances,
.

8. Difficulty walking on rough surfaces,
9: Difficultylifting and reaching combined with diffi-

culty manipulating ffngers or incoordination
10. Difficulty liftingland reaching combined wifh inability

to use lower extremities6
.

11. Reliance on walking aids damOined-with difficulty .

sitting doyn or getting up.

o Va.
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A group of aiple-bodied subjects also.participated in the 'research.

Disability categories do not, An themselves, establish a description
of an individual's functional ability for independent action. For ex-

.
- ,ample; one individuallYho cannbt use their /61gs (category 3, abov'e )may

be young,'trained ina rehabilitation clinic, have strong-upper ar
,apd good stamina: Another indlvidbal who cannot use their legs may be
old, with little rehabilitation training, have general limltations in
stamina'and be obese. These differences in impairment,and other char-
8cteristics result in,different levels of functional ability for every-
day activities, even though both may be wheelChair

0.

41.

To insure that,the selection of subjects reflected differences in func-
tional ability-levels, each disability category was dividedt flirther into*
a range of functional levels. The range-started with the most independent
level of ability, in a category and endeewith the lowest level of ability

,

that would allow independence in daily activities. A screening method,
called the Diagnostic Interview, was devetoped which utilized a self-report
interview about tasks of daily living in oreer. to identify a person's
disabilities and Also their fUnc.tional abilityleyels within each partic-
ular disability category, Since all the imterviewing was to be done by t)
telephone and. by non-Kofessionals, a clinical assessment or'evaluation'

4 of function afthe'firstIcOntact with the subjects was impowibble. Th4
gaye rise to the need for a pretest and also,a validation procedure at ..j
the laboratory.

Three versions Of the Diagnostic Interview 'I...fere initially adminisfered
to a total of twenty people by telephone,. Its accuracy was then checked
by'home vjoilits to thósé individuals by a physical therapist. MOst
tenis proved.to be valid indications of functional abilitY, but some

correction's and improvements were made following the'home visits. The
Diagnostic Interview also contained several items of biographical data,
including age and sex.

'

Our overallvresearch groal was to establish requirements for accessibility'
and use of the environment by people who would be independent in daily
activities. We were concerned that the sample of individuals would be
representative of all those people, to the inclusion of marginally in-,
dependent people. With such a sample, we could 6e aSsured that the
results of our laboratory research would apply to the broadest possible
population. Therefore, our objectives in obtaining subjects were:

1. Find people with all the disabilities on our list,
2. Find'people within each category that reflected a range

of functional abilities,
3. Minimize bias in sampleselection caused by an individual's

dependency on ihstitutional.services',-*
4. Obtain enough people in each ability level of each dig- .

categdry to make generali/able conclusjou from
data,

Minimlze bias in sample selection due to a frigh inc,idencv
of advanced rehabilitation training not ilable to the'
broad range of disabled people.
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A review of demographic dataon'disallflfty indicated.thatstgistIcs
are not Ovailable on functional ability.of pebple within disability
categorte& tä the detail required.for our research. Thus, there was
no basis to utilize a proportionate sampling:method.. FurthemOre,
since the proportion of peoPle In the general 00pulation with.severe
disabilities is. Well below twenty percent, any'.random sampling'method .

used tO identify subjects would shave been exceedingly expensive and
time consuming. The use of the Diagnostic Interview, Combined with a
yalidation procedure at the laboratory, provided a way to identify and
verify disability and.functional level, but webhad to set an ar rtrary-
target,for thenumber Of subjects in each group.. Since We antic pated
that Wheelchair users...would be critical in.terms of performance, e
over sampled for them. We utilized'mektberhip lists of.elderly an dis-
'abled. consumer Organizations in the Syracuse Metropolitan area to
qenerate an initial roster of potential subjects for telephone rint r-
views. In addition wintensive effort to:recruit subjects was'Oade
through lOcal radio, newspaper, newsletters and bulletin boards.

alv
SdbjeCt recruitment was done"by a local senior'citizen's advocy organ-.
is tiza on, the Action Coalition to.Create Opportunities for Retirement

.With Dignifyl.Inc. (ACCORD). Working on a sub-contraCtual.agreement,
t'hey provided two telephone interviewers,whom We trained o use the
Diagnostic Interview. Training included Naving the imterviewers make
telephong calls to our,staff who stmulated disabilities and difficultt
jlterviewing problems. When the interviewers were consistent)y!accur-
ate in administration of the inte,A.riew, they were furnished.with lists
of prospective subjects. Quality control included.reinterViewing a ,

small, random sample of. people interviewed by ACCORD workers and checking
all interView formsfor completion and logIcal.consistency.

The ACCORD Offict wved as a,receiving point for telephone cels in
response to our adds and media announcements and the ACCORD workers
scheduled Subjects at our laboratory. Recruitment.was not limited to
older people--a concerted effort was made to recruit .subjects from all
age groups. Becruitment was limited to non-institutionalized people.
A few exceptions to this rule were made, but such individuals were tested
in a limited number of stations. The recruitment'efforts took place
over a six month period, running simultaneously with our testing proced-
Sres.

.

Free transportation.to and from the laboratory testing site' was provided
and a wheelchair cab service was retained for people who. needed or
desired such a service. All subjects were paid between $12.50 and $2z0.00,
based on.the number of task's each was requested to perform. The decision

(to
perform more difficu)t tasks, such as toil& transfers, etc., was

Made by'each'individual. All staff members were trained in safety pre-.

'-edutions. The testing period, for each individual, was broken into .

several morning or afternoon sessions if necessary, with coffee 6reaks,
and rest times as needed so that fatligde due to testing was not a fac-
tor in performance.

Subjects were tested only at testing stations where use vies affected by
their disability. For,example, subjects who had difficulty handling' and-

,

12
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fingering were fekted at stations whose us requireefinAger dekterity. ,.
People who died lelkingsatds wheelchai:cs 'Were, tested at all te *ting

. 'stations. :Fable I. s:hows -the-matching Of subjects'.to ,testin,g
. '*.The total number a ditabled subjects'.'was 201. ,

. .6
.

The, tegting..waS dorie twq,phases. firt. phase Objective. yalto ,

.;

0

.
estdb)ish basic rajige9rof performancei"for *each, testing station.
'data was tied to.generate Of..oposed-standardS": The 'second phase objective.s;,',.Were to validate some parts.of the proposed "standardi",research some .

areas in more deta41 and to test'iscme combinatitms, of design e'lements,
.e.g.' bathroom'and 'kitchen layouts. The second-. phase:subjects, wereselected frw the larger subject pool as'be;ing representative\st variotis'ability levels. Thus, we-could be sure 'that, even though small sat,Xes'
were Ltsed, the criteria derivedfrom. the-second, phase researc,h
would be satisfactory for the rest of the. subjefts in the-sample, *and. .tO the disabled.-popiaation in- general, to the extent that cwr basic-.sample reflected the range of funetiona3 abil ities. in thaeliopulakjon.

. . .

Upon arrival at the laboratory Aesting site subjects,' physical abilities
were reasse%sed through actual performanee'of tasks that *%./re
reported omithe.4)iagnostic Interview. 4,This was necessar'y'not,only is_valtriation of the DiagnoStic Interview, put also because the time-
lapse between the telephone intervtew and .viSit to Oe labora-,tory was, often one month or.longer. During this ttme, the phys.tcalstatus of many individuals Could either improve Or deteriorite, -,

, .After the validation, a change was made in the ability level-if a dis-
e ypepancy was .noted. Approximately tWenty-five percent of the subjNtsted a change in their functional 'ability level. ,Some of this dueto changes in physical status. The highest concentration of changes werein the categories, of difficqty lifting and reachtng and limitations of..stamina. These two areas' of t.he diagnostic interview appear-to be the..weakest in predictive value: SOme subjects seemed toftave difficulty).

'judging hpw high they Fuld reach or' how fa4; they could walk without,atigue. Also; 'some subjeCts perceived themsel,res as more disabled .than they actually were.
,

,

We did hot 'require wheelchair users to validate their self-reportedtper'-formance 'in transferring since weEfelt i wou d be too fatiguing... A
review of test.ing data showed that'five hee chair users 'w o,..on,the
Diagoostic Interview, reported that.they c6Uld transfer, id not trtansferat "the4ime of testing'. When investigating reasdns for is, we found

. three othese people had reduced capacities since, the D agnostic tnter.-vigw; ,was able to-transfer !DIA 'had exterrial collettiOn deviees.and-thus did not need to use a toilet; and the. OtherPerson was simply too^fatigued. On the other" hand,thetewere two wheelchair users, who, when
-Anterviewed, .reported that they couldnot transfer; but did at the timeof testinq. fOne of hese people had an improvementin her coridition andthe otlwr one, who usually needs ass-isiance to Oansfer..was able to-
transfer because he had grab bars. Oh both sides'at a keferred height-

N,, and prbximity to the toilet.

1
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IN-ft fal iy, we ifaci hoped to recruit not less than ten people in eadt
'-rwicti,ondlr.ability.lettel for each,disabilfty category in 'Ell but the. ..

... . category:111nabIlityto Use lower extremities.", 'In that category, we ,.
...: thade-fine distinctions in ability level,S and,- thu,s, We sdught only five

Jpeople in eaoh level but -hada large.number of levels: it was. very :
t

difficult to find people at certainlevelt. This may reflect .a very
sM411 incidence orsuch disabilities'. . In categories wherd we found only
if few individuajs at certain leVels, we combined those-levels fors analyisis

. purposes. Table 1 shows the breakdown for theototal 'simple of'
subjdcts by disability-Fategory. Those people who, in the' validation _

1 ,pr,oc q d u r e , were found nbt to be disabled. by opP' functional criteria csiere
: grouped i'h the .able;-bodied category,.

t I
Description*.of Sobjects,

.,.

.. A second interview was adminfstered to all subjects during their first
,

3 /
' . ,visit to helaborratory. -This was called the Opinion/Adaptation Inter-

,view andtWas use+-6 solicit batkground inforMation,about present living\
, P arrangements, use of technical aids and .opinions.yegarding design features

for,. increasing jisabil ity of4dwel 1 ing units. The interview,. took.approxi-
. mately forty-fit,te minutes to cceplete. Tables 3 through 5 describe

. the. sample in tertfisl of age, sex and living arrangements.. . .

From4the table.s, it can be seen tb,ot the s'aqiple 'has over twice as 'many
women than 'men, cOnsists almo.s.S eftlrely of peoplekwho live in independent:"
hou6ing and i6 an adult group. Almost twenty4perdent -of our saMple comes
frfxr) iJubl.iC housing.. Compared to the adult population, this sample has
a greater propation'of..late, middle-age and elderly people (over fifty-
five years old) tn found in the general population over eighteen years
of age .(US Census, '10). The over-sampling of women is related to the
"aged" nature of the sariiple in that women live longer than men and,
therefore, form a larger proportion of the P6pu4tion fri late adulthood.
Moreover, they are much more ljkely tolive in' public housing than are
'men.

The characteristics of thee sample mean that this group of .people is
1,ikely to exhibit generally lower strength and stamina, reduced agfklity,
smaIlcrs.staiure and,a greater familiarity With,kitchen work'than a sample
with a more equal di-stribution 'of mentaiid woie orga younger sample.
Moreover, these people are far leSs likely, as a' group, to have ad-

. tanced rehabil itation training than, for example; a sample drawn solely
from the lists of "past patients at a spinal cord injury cepter or,
rehabilltation-center. This is not necessArily a detriment to the
generalizability of. the research since the lower limits of -performance
are more likely to be over-reprsenied among this group. If the lower
limits can be satisfied by design recommendations 'based. on this research,

- those people With better abilfties -will also be acconniodated, unless
there are conflicts betweenethe needs of more able-bodied.people and

4. those with more.severe disabilities.
1

The fatt that niiddl,e-aged and'elderly women are more familiar with
tkitchen- work reduces bias. UnfaRiliarity yith kitchen tasks cOuld result
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. .

. Table 4: Sex Of Sulijects

Number Percent

Male. 61 30.3 .

Female 140 .69.9'

Total 201 99.9

,

1

.Table 5: Residence of Subjects

a

Type .,,,. Number Percent)

Publicly subsidized housinga 37 18.3.

Pr,ivate 161 80.). t .

Home for the aged 1 0.5
,

Nursing home 1 .0.5

Missing data ,
1. .. 0.5

Total 201 99.9

aPeople in this category liyed in housing that
eve s. e1/4ther federal ly subsidized or publ icr .housing.
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Anthropometrics (

-

Opecttves
% . .

Obtain data about eye level and reach.limits.
ComFiare data forambulantand semi-ambulant subjects with data.for
wheelchair users.
Compare'data from anthropometric measurements to abilities in actual
use of the environment.(other testing stations).

A ratus

17

Eye iever emd retch measurements.were recorded by measuring individuals
against a 6 inch grid painted onfa wall. Increments within the 6 inch
lines Ore measured hy ruler from the grid lines. A wooden rod was in=
Serted into the wall and prtjected.perpendicular to it at a height of
6 inches for seated sUbjects and wheelchair users. The rod was used
s an.alignm'ent device for reach.measurements. All measurements of-

. seated subjects (except peoplejising wheelchairs) were.taken while sub-
jects were seated in a chair with a teat height of 17 inches.

,

Procedures .'''
.

. * .

For eye level dimensions, wheelchair uters,!ambulant and semi.-;ambulant
.subjects stood sideways next to tne wall grid: Rulers were'used to

. project eye,level onto the grid. Subjects reached.as'high ai.they could
against the wall'grid, from which the measurement was taken. To
measure forward reach, subjects first alfgned.their chest against. the ,

projecting rod. The rod was r'emoved and Subjects leaned as farjorward
.as'they tould 4i1e stretching out.their'arm against the:grid we1.-
The.measurement was-taken at maximum extension of the. hand.

%lbjects

The total number of subjects measured was 184. There.were.59 wheel-
chair users, including four with exceptional lbilities and 125 ambu-
lant and semi-ambulant disabled people fromIll the other disability
levels.

Findings
(_ .

... ,
I , ,

.

The_da_t_A Are presented in Tables 6A-6G and il Vertical reach for
f. wheelchair users varied from tess than '36 inches to aTmost 72.,inches.

Five wheelchair userS could not reach vertically to,54 inches. Over 50
percent of the wheelchair users could reach to 60 idches or higher. For

.. forward reach, the maximum for wheelchair uSers varied from 18 inches to ,v
over 42 incheS,'with over 50 percent reaching to 30 inches or greater'
and nine people reaching less than 24 inches. These data indicate the
great variability,in reaching abilities among this group. Data from
other testing stations inOcate that 'reaching abilitiesodhen measured
through actual task performance, can exceed those lower limits demon-
strated here throu6h conventional'anthropometric measurement . .., .. ,

22
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18

Comparing data for the ambulatory/,semi--ambulatory group and the wheelchair
tisers, shows that, as-one would expect,' the ambulitory and semi-ambulatorf ,
People in our 'sample, have much higher reachingabilities while standing

. 'than wheelchair users. However, while sitting, their abilities are
simflar except at higher:limits. 6'

,
4

A comparison of eye level heights while seated showsthat wheelchair
users were, on the whole, similar in height to the,dmbulant and semi-
ambulant subjects. The maximum forward reaching abilities of seated
ambulaent and seni-ajnbula'nt subjects was slightly greater than the wheel-
chair .users. Comparing this group to statistics Available for thefl

.general population (see Table 7 ) 39 percent of the 'sample had'an .

eye level height below the 50 percekile. eye level 'for the general am-
. bulant female population. This sample i's, therefore,, not a short, group.

st
Rkommendations

. ,

4 )The, eye level of ambulant and semi-ambulant disableCi.-Oeople used in
design, should, be' 4p. sad upon eye levels for lie--gerlera opulation, taking
into consideration a range of heights. The ey lev iffor Whe air

. users shoulsJ e considered as a ran()e.f 35, .' 54f inoes. maxi.um
.vertical reach for ambulant disablec1.,peole should . ; ased -the
highest reach of the general .po latiorD, The maximU erticai reach rfor ,..t
people who use wheel. airs_ shou 'be -ctifisVer as a, arig4fro 2-,t`o"7,2, ..
inches. The Maximum orwarli readi foriamiifra disAV aileo e should
be considered as a range from la814t.,:to5)12 inOies., Tbtlexi um forWard '.

,. reach for whe'elchair useu sho e-consiodered as a':ra*Je.s.: 4 fq
39 inches. Forward reach ,Shoulli.beameasulafr* 'the positift f

.
chest while in an upright position yd witffbuti, . ,

ons on ea.ning,
l - ,,-

. - , , Ilt 1
forward L..)

4, . % .These anthropometric dimensions should n tiIe.,$a.sts fort specific':
design dimensions. They describe a ran of abi): ties wi,tli t the . 6 , .

imposition or challenge of. any taSk or o jective. Porlover; hey_____thQ}lo . ..(
reflect the needs of several User moups together: for exampl -1.f' a (
telephone is to be used by all,:peopTe, they must; be convenient.tptall
ambulant people as well as wheelchttir users.. When such specific design
features and goals are considered, meeting ,the Very bottom of the range .
.o0abi1ities may IA be feasible, althoUgh desirable.

The findings point Out that anthropomepic dimensions Of ihe able-bodied
population iinterpolated into a wheelchair will not give'a true' picture
of the dimensions.of reach for wheelchair users. Not only is there- great ;
'variability among people, who use wheelchairS,,- but 'reaching abilities
vary as a' function of task demands and challenges. .

.

.

,
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Tables 6A 6: knthropometric Measuiements .(percentages 1n pa'rentileies)
1 1

Wheelchair. Users: Highest"Reach ; B.

Equal to or
Greater than

But les§
-than Ir

k
.

36 in, 1 (2)

3.6" 42 0 (0)

42 48 1 (2)

48 54 , 4 (7)

54 60. 19 (31)

60 66 30 (51) _

66 72 (5)

72 0 . (0)

Missing data 1
...(2)

Total 59 (100)

4I

r

-,
,

eiiii,-)uilbutlarit and hnbulant,Seated: Highest Reachf s I

Equal to or
Greater than

But less
than

'
-- in 36 in (1)

3E *42 (0).

42._ 48 1 (1)

48 5.4 2 (2)

54 60 36 (29)

60 66 . 65 (52)

66 72 8 (6)

72, \ *1 (I)
Missing data

Total,

,,

. .

, ..
125

-(9)

(100)



Al

R

Standlnig: Highest Rueath
r

Equal to oe But less
'Greater than than

-- in

60

-66 '

72 .
78

84 U.

90
,a I

Missimg data

60 in

66

72

7a.

84

:90

3

4

15

53

33.

,9
1

-

4

" 4

7/

(2)

(7)
I

(3)

(3)

Total , 125 (100).

4

z-/

4

-.L._
Wheelchair Users: Eye level

Equal to or
. Greater than

But less
than

-- 36 in. 0: j(0).

36 *40 1 (2)

40 44 12 (20)

%.44

48

48

.52

37

8i

(62)

(14)

52 0 (0)

Missing data 1 (2)

Total 59 100)

)

4



Semi-Arithulant and'Ambiilant Sitting.: Eye Level

Equal to or gig less
Greater than than

40

44

48

.:'36 In 0

40

44 19

48 79

. 52 19

(0)

(2)

(15)

0. (61)

(15)

52 s'O (o)

Missing data 6

Totil 125 '(100)

F. .Standing,: Eye Level s

Equal ta or
_Greater t

But less,
than

-- in 48 in 0 (0)

48 54
1

5 (4)

54 60 44 (35)

' 60 a 62 '(50)

66 72 9 (7)

72

\lissin9dat&.
.

1 (),),

Total 125, (100)

1
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r

S-eated: aximum Forward ileach
1

Equal to or f But Tes
Greater than than- , Wheel cha ir Ambulant

, .

la8 in 21:1-6 6 (10) 3 (2)
,

21 24 (5) .11 (9)

24 .. 27 6 (I) 11. (10)
. ,

2/..
4

30 " 11 '4,i9i 18 (1

.

4d
.30,

33
,

36 ,.
a,, .

39 .
.

.

eI

42 -

,Missin'g datsa

Tqtal

33 ,11 ,r(ii) *. 23 (19)..

36 ' A, ,,fi .(19) 22 (18)

3§ ,
9 (15) 26 (21)

A 't

42 0 10) . 4 (3) '.,./ (
1 (2)*- 1. (1)

,

1 (2) 4 (3)

.
59 (100) 125 (100)

\

.

C.

.1%

4

6
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Table 7: Eye Level% of US Adultsa

at.

er.

Male F

, 975 percentile 69.3- i n , :64 . 6 iin, ,

50 percentile 64..6 ; 66.0

2 5 pe'rcentile% 60.0 55-.01

eSource; Diffrient, et al 1974
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Wheelchair Maneuvering,

Objectives v.

- Determine minimum dimensions for making a U-turn...within an encloSed
space ,without any obstructions and with a-counter on one wall.

-"Determine minimum dimensions for completing.a 16..type.turn within an
enclosed space. .

- Determine minimum dimensions for making a U-:turri around a wall.
- Determine minimum dimensions for making an L-turn from a corridor,
- Determine if a relationship exiits between corridor width and the'
minimalwclear opening required for making an 10-turn from a corridor.

,
,

Apparatus
,

Wooden Walls were constructed that could be used 'eto set up enclosed
, anleLselor the maneuvers-described above. For the 1800 and K-turns, two

fixeorNrtitions at right angles fo each other were setop. A third wall
could be moved back and forth to create a three-walled space with an
adjustable width. A 1 1/2 inch thick counter was installed on the .

moving wall at a.height of 36 inches to the top surface; the counter
folded into the wall when not in use and was- supported by a chain when
in place. All walls were 6 feet .high. For the U-turn around a wall, the
end of a 4 1/2 inch constructed for another'experiment, was
used, to turn around--pn nclosures were provided. For the L-turn, a
movable wall, ysed in:the door experiment, was set up in front of the
door used in the elevator experimen , to provide an adjustable corridor',
width combined4Oth an adjustable c 1 ear opening. .

t Procedure
r-

U-turn: Wheelchair users cqmpleted a 180° U-turn in whatever way they
found masttefficient within the three-walled space. Several trials
were completed whfie 'the adjustable wall was moved closer and their.
starting Oosition was shortened, until thp_minimtim space was found: The,4istance between walls and the,distance from back wall measured to the
foremost projection.of the person's wheelchair, upon completion of the
turn, were recorded. The same 1800 maneuver was repeated with the 36
inch high counter in place on one side and the space was adjusted accord-
ingly. The counter provided a completely clear space beneath. During
a later phase of testing, wheelchair users returned,to perform the 1800
maneuvertwithp 31 1/2 inch high counter that prOvilded 30
inches clearance from floor to,underside of coUhtir.

K-turn: Wheelchair users.completed a three-point, 180° turn within a,
three-walled space (see U-turn). One wall wa movable and was adju5ted
accordingly after several trials until th mifiintum space was found. Tbe
width of the space and the length, measurillir om the.rear wall to the.
foremost projection of the person or wheelch ir, were recorded.

U-turn Around a Wall: Wheelchair users were asked to do a 1800 U-turn
around the end ofa Wall. Subjects were aligned so that,theirctoe or



footrest was aboge the starting line and the wheel closest to the wall
was 6 inchesgirom the wall. Measurements were recorded for the greatest

- width on either side of the wall and the distance needed at the head:af
the Wall% .Several teials were made.

L..turn: Three clear opening widths--32 inches, 34 inches and 36 inches
were tested separately with corridor widths ranging from 5 feet to 3 feet
-until the minimum conditTfriST for each subject,,of the narrowest corri-
dor width anCnarrowest clear opening was found. Each subject performed .

the more diffieult turn, in terms of direction, hence a right-handed
person 'turned right into the opening so that his left hand was operating'

. .

the olitboard wheel of the wheelchair.'

Subjebts.

Fif?y-faur wheelchair users demonstrated the 1800 turn without counters
and with a 36 ihch high counter. Three of these people used electric
wheelchairs: Twelye wheelchair users, at all ability levels, demon-

. strated the'180° turn with a 31 1/2 inch high coudier. A small group of,
, nine subjects were selected from the total group of wheelchair users

to completethe U-turn around a wall. A small'group of eight subjects,
selected from the total wheelchair group, completed the K-turn. One
'subject in each group hid exceptional abilities. the U-turn 'group, '

two individuals had completed the 1800 turn in less than the average
.--sp'ace, while the other seven had all required spaces larger than averape.
-The K.:turn group represented a wide range of abilities. In the L-turn,
ten subjects representing a wide variation.of abilities, were tested;
slx were either qUadraplegis or had limitations.of stamina.

Finding

180° tunn: The testing inpricated that more depthbis needed than width,
as shown in Fig.'2A Als0,,the4epth required was, for the most part,
directly relat 1 .td width_required. A space 54 inches wide by 72 inches1.

deep accommo. ed mos:L Subjegi.- The maximum space.required was 68
inches wide!by 84:inches%Aeep. space 60 inches, wide by 78 inches deep

4,

-----------------CCEOMmodated all.but ftve of th fifty-four sUbjects. The 36 inch high
coun er tequir9d 07-54ditional neuvering'space.

.

(

-.

K-tu nv Space riquired.forthe -turn ranged from an area 42 inches by
48 ihches, to:an area 6o inches Wide by 72 inches deep, as shown in Fig.
2C. The averagR'size.pf the il ea necessary was 54 inches wide by 66
inches deep: . . : ik, T ,

...

U-turp ArD.wid'aWatT:The larges space required was 36 inches wide at
.the start sib e the wa1l,'4 inches wide at the finish stde of the wall
and'48.inches atthe head of,the wal4 People who could use their feet
turned inspaces asinlall as)0*inche'wide on ea6h side and at.the
head of the Wall.' -- r%
L-turn: The daA i preseR.4j Table 8. Turning into a 32 inch clear

, opening, a 36 inch wtde c9rridor gecommodated,seven of the ten subjects

4
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9but a corridor width-Of 42 inches was needed'to aCcoMmodate:all subjects,
including those in electric wheelchairs. The three people who could not
turn into the narrowest clear door widthI (32 inches) froM the narrowest
cOrridor-(36 inches) trieeturning into.Wider doorways. All three were :

able to'turn'into a 34 inch wide doorwaylfrom the narrowest corridor (36
. inches). It follOws.then that all ten users.could turn tnto,the 36

inch wide doorway from the 36 inch wide CorriCior.

RecommeAdations

U-turn; Rectangular or oval shaped spaces should be provided with a
&epth longer than the' width. The minimum width should be 60 inches.
Tihe minimum depth shoul'ebe 78 inches.:

K-turn: K-turns can be accommoda d less space than U-turns.. The
space provided should be rectangul oval, with a depth longer than
the width. The minimum width should be 60 inches. The minimum depth
should be 72 inches.,

U-turn Around a Wall: A 42 inch clearance should.be provided-On each
side of a wall while a 48 inch clearance shouldlbe provided at the
head end.

L-turni The minimum corridor width for an L-turn into a 32 inch clear
openin§ or a 34 inch opening should be 42 inches; with a 36 inch clear
opening, the corridor width can.be reduced 6 inches to 36 inches..

Mai:ginal,Population 4

All wheelchair u§ers who can maneuver independently should be able to
maneuver within the recommended spaces except some hemiplegics with
manual chairs. The five people who could not turn within a 60 inch_
by 78 inch space either had limited abilities in upper limbs or had
limitations of stamina (level 6-11 or 6-14). They could all Manage
a 1C:turn within thexecommended space for a U-turn:

,/

,

r..
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Table 8: L-Turn Findings jpercentages in parentheses)

32 In Ch Clear Door ^

48 Inch ,k 36 Inch
Corridor 1 Corridor

42 Inch
Corridor

1

34 Inch Clear Door

48 Inch 36 Inch 42 Inch'
C6rridor Corridor Corridor

Successful

Urfsuccessful

, 10

0

.

(100)

(0)

,

7

3

(70)

(30

3

0

(100)

(0)

Total = 10 Total = 3

3 (100) 3 (100)

0 (0) 0 (0)

Note: Only subjects who could not complete the turn with a 32 inch clear opening and
a 36 inch corridor were tested with the 34 inch clear opening.

4
4

0

" 4 3 4
I 0



Figure 1: Plan of L-Turn Apparatus
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Figure 2: (continue4
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Figure Wheelchair Maneuvering Testing Proced res

U-Turn, K-gfurn
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4eed and.DistanCe

Objectives

.;

, ..

AILI - Determine maximum trauel distances .f.bi...i.ple.!..'Cdth
Tim.ftt4ons of,.. . ., .stamina. .

.,. .

, .

, Determing,rate Of travel for walking On.level'terrain.
,

.,. .. ...:;.,
%, ....

.

,

1`

Apparatus .

A disance ofl00 feetcWas plotted irea s(rajght line ofl a fevel,com-.crete floor. Using 5 foot high
chacacters,,,dthe-nuMi,er'104,14.paintedon a wall located at the end of the course.*

Procedure ,

.1

From tpe starting line, subjects walked or wheeled to'the end'of-ihe
Courie.,_They Were told to walk or wheel at atnor.mal pace as far as theycould but-lo try and reach the end of the course7. Tatal'elapipd timewas measured with, a'stop watch. No stopping waS

. .

Subj.ects
. *

DThirty-four people who had performed at a.wide range ofabAlity,levelS.
in the first phase were tested. Twentysix' wheelchair uses'from, all'wheelchair ability level,s were tested. In addition; fwo Walking4i4users, two People with:stamina

problems, two people wit6 bala.hcelems and two Able-bodied people were tested.
.

Findings

The average timenecessary for wheelthair users to travel,
was approximately 65 seconds with a minimum time of227"setOrids:(ele6-*tric.wneelchair) and a maximum time of l754.secsinds. .The average time-,for the abbulant people, those with walking aids dnd those wlthlbaldtioeor stamina problems was 75 sécondsebut several needed bve62'lli.f1itites.
Two people in wheelchairs could not travel the,full diStancejtheir
maximum distances were 42 feet and 50 feet) and stopped:because 0,-fatigue.

.

4'

Recommendations

Increased travel times between two-points are required for many dis-
as'abled people. -Times should be calculated using an average ratg oftravel of 1.5 ft/s, which Would accommodate most, butmot all people.

Where many slow moving people'dre expected, such' 4s An housing for
the elderly, times should be calculated ustng a-rate of.1 ft/s.''Over-
all times should alsvinclude.tolerances for res,tiqg One hundredfeet can be used as a maximum distance of travel beftemresting areas.\:hei-e such a measure is.needed. For short distances, rates are not
ignjfitantly different (see elevator results).,

I

.
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a ,t

times.can be used to generate distance requirements where it is
desirable to reduce exposure to bad weather to a minimum or where util-
ization of faceilities is based_on convenient distances, such as shopping
malls. Disabled people should not be -forced to traVel for ionger times
than able-bodied people.

t.Matlinal PopulatiOn

'A few people who use manual wheelchairs and also have low stamina or
;restricted use o'f their arms may have to rest along a 100 foot path of
.travel. Many semi-ambulant people, ambulant people.and people who use
wheelchairs who hive low' stamina will travel at a rate slower than 1.5
ft/s.

s;.'

t;

1 4 .

10.



Table 9: Rate of Travel Findings ,

Time to Travel Rate
100 Feet in Seconds of Travel

,
0-35 at least 3 ft/s

,
34-5.0 at.least 2 ftis

.

51-67 at least 1.5 ft/s

687100 at least 1 ft/s

101-133 at least .75 ft/s.
134-107

( at-- least .6 ft/s

163-200 at least .5 ft/s

Null performance

Missing data.

x Total

t

Wheelchair
Usersa ,

Other
Disabled

Able-
Bodied Total

'5

10

1

2'

2

2

1

'1

,

g

,

1

I

0

1

1

2

0'

0

0 .

6

2

.0

0
,

0
,

,
,0

-.

0

0

0

0

2

8

11.

1

9 3

3

4 .

1'

2

1 .
26

34

Includes two" with exceptional abilities.
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. f Push-Pull F

Objectives

Determine maximum forces that people with lJtations of strength can

exert against doors and windows.

r .

ApParatus

A device was constructed that coUld be mounted on mall in a variety
,

1
of positions. A ,wooden, push-pull bar was mounted on a wood plate that

- 4S1id in channels, similar to the tracks of a window. The moving pieces

were lubricated with wax. The puih-pull bar:activated a force gauge. .

Procedure

Subjects demonstrated methods for operating slidingd double-hung win-
dows, using right push, right pull, left push, left pull and vertical gip

pull forces applied to the apparatus. The same motions, except,fot
vertical pull are used to push and pull doors open. In lateral, push-

, pull operations, only one hand was used while both hands were used,in
4 the vertical pulling motion. Readings of maximum force exerted were

read off the force gauge.

Subjects
4

People with reaching, handling, stamina and balance prob4ms, as well as

people who use walking aids and wheelchairs 'ilere tested. AbTe-bodied

people were also tested.

Findings

Table 10 presents data collected for thi five puSh-pull forces. There

.
.is great diversity in the abilities of people within both major groups
of subjeCts for the five types of applied forces. Approximately 23 to

30 percent of'the wheelchair users could exert forces greaten, than 15
pounds in all positions; whereas, 39 to 44 percent,of all the Other dis-
abled subjects Could exert forces Veater than 15"pouAds in all positions.

Recommendations

Operating forces for opening doors and windows should be as low as

technologY allows, preferably below 5 pound-forces. Door closers are

designed for minimum clositig force. They operate by storing mechanical

energy in a spring or pneumatic chamber as a door is opened. Since

'they do not operate at perfect efficiency, more energy must be put into
storage than can be taken out during'the'closing phase.. Thus, it will

always take more force to open doors with conventional closers than
their minimum closing force. Closing forces for closers'used on exterior

doors, Is recommended by Product manufacturers, aro often larger than 8

pounds..

411



Marginay topulation

The disability groups Jich riere unable to 'apply a force of 8 pounds wereg-t-those ini

withboth difficulty lifting and reaching and difficulty manipula

the categories who have difficulty lifting and reaching, the
roup
ing finlers, Wheelchair users who have poor stamina, those who have dif-
ficultyjbending, kneeling and getting up and*down from chairs and finally,
a 'few afilbulatory people with poor stamina., .

43
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Table 10: Maximum'Fush-Full Forces in Pounds (percentages in parenthese

Maxi
Force ( n lbf)

Vertical Pull ...

'.1W,

.-

Left.Pull

.f
e Other

c
a

w/ Disabled 'w/c

Other

Disabled

Equal to or But less
Greater than than 7 't,

/ 5

5 10

,

10 15

15 20

20 25

25

Exert 8 lb maximum

,Tota1

7

)9

13

'7

3

.4

23

53

(13) 10

(35) 28

(25) 2B

(13) 18'

(6) '9

(5) 15

(4 3) 32

'(9)

(26)

(26)

(17)

(8)

(14)

NO'

.1,.

6

19,

8

5

10

.5

23

53

(11) 13

(36),,, 31

(15) ,23'

(9) 14

(19) .1 5

J9) 1 2

(43) 38;

(12)

(29)

(21)

(13)

(14)

(11)

(35).

(100))(6 (100) (100) 11:93-(100)

0.,

Left Push

w/c

Ri ht P hl Fight Push.

4

Other Other Other'

Disabled w/c 'OcSabled w/c. Disabled

3 (6)

15 (18)

1 5 (28)

fo (19)

4 (9)

6 (11):

16 (30)

53 (100)

5 (5) 7 (13) 14 (13) 43 (6) 3 (3):

34 (31) 20 A38) 19 .(17) 1 6 (30) 31 (29)

i

.

34 (31) 14 ;

1.

(26) 32 (30) 18 (35) 31 (30)

14 (13) 6 i (11) 14 (13) 7 (13) 21 (18)

1

14 (13) 3i ° (6) 14! (13)' 5 (9) 12 (11)

8 (7) (6) 1 5 (14) ' 4 (8) 10 (9.).

31 (28) (45) 30 (27) 16 (30) 25 (23)

108 (100) 6 (100)*108 (100) 53 (100) lie (100).

..---...-.
if

aWheelchair usirs.

7



Figure 4 : Push-Pull Jesting Procedures
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Ramp

Objectives 41.

o

Ova

- Detenmine the maximum slopes that cam be managed.-
. Identify relationships between slope and length of ramp.

4,

49

Apparatus
,

4
t

A.40 foot ramp could d: adjutted to any slope. The ramp was marked in, 1 foot intervals.. It had handrails rit both sides, mounted at 32 inches"
from the sOrface of the ramp. There were curbs On, bbth sides of theramp 3 1/3 inches high. The-clear width.between curbs was 48 inches.The raMp surface was untreated plywood

Procedure

Although objectives of*the research were to determine maximum slopes
tpat could be managed, we also had a concern for the energy cost of
using ramps. ,Extensive measurement of energy expekiture under con-

-V trolled atmospheric conditions with standard clothing was not possi-ble,
bdt heart beat rates were measured to determine vhen subjects.had over-extended theMselves in using the ramp,0

The ramp was initially set up,at a slope. All subjects who had.
unsdccessful trials with the ramp at 1:12 returned to test a ramp at

. 1:16. Those who were untuccessful on thatramp rpturned to tett a slolpeof 1:20.

\
4Subjects

4'
During the first/phase, 124 disabled people were tested according toat Tabler 11. Ejghteen people return d to test the 1:16 ramp, whereas
three wheelchair wserscameback onc again to test the 1:20 ramp.
Pulse was/taken while the subject wa at rest. Subjects negotiated
the ramp; distance traveled, time of trve l and problems they had were
recorded. They then came down the ram . Pulse was taken imm diately
after/descension. After a two minute rest, the pulse was takeh once
more. The ttimeonecessary4for the pulse to, return to normaV was recorded.If the user encountered excessiv time delays during his negotiation
Af the ramp, or if after task completion the pulse rate had pot returned// to within ten beats of,the resting pulte, the task performance was
judgedhosuccessful.

Findings ,

..As seen in:TabTe 11. _almost half of the whtelchair-users were unable
to negotiate the 'full lehgth of the steepest ramp (1:12,Y. Approximatelyone third.of the test sample could not complete a\distance of even 5
feet. Sixty-seven percent of the users unable tomanage.the 1:12 ret*
'were able to travel at least 30 feet of the 1:16 Slope ramp. Every'
member of the wheelchair user group, tncludingluadriplegics was able to

5 2
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.

\s. complete the full length of the ramp with a 1:20 slope. Many subjects
required a very long time to negotiate the full length of the ramp'at a

slope of 1:12.

Railfnqs were rarely used as direct mobility assists by wheelchair users.
Only one or tho hemiplegics in wheelchairs pulled-themselves up the ramp'
Using theailing at the side of their more useful ariA. Railings were
u,Sed by others, however, as course correcting guide rails both during
ascent and destcent of the ramp., Semi-ambulant and-ambulant people almost
always used one,or both railiogs Wheelchair users who have limited use
of their feet maY-often use their feet to help propell themselves up a

' ramp. A successful\method demonstrated by several people was4a backward
ascention, keeping their weight toward the head of.the ramp as they pro-

.
Pelled themselves with their feet.

Recommendations
4

Because of the wide variatiorl\in abilities of wheelchair users to
negotiate ramps, alternatives to ramps should be eppuraged. Where
ramps are usedo'slope/length should be inversely related. Table,12
shows recommendations for maximum slopes and length of ramps. Railings
should be provided at both sides. M4rans to insure that wheelchain and
walking aids will not slip off ramp-.edges should also be provided.

Marginal Population

While all subjects in the wheelchair user group were able to manage the
shallowest ramp, it was clear that steeper slopes present problems to
subgroups within the total 'wheelchair population. 'People with limita-
tions of-stamina, hemiplegics and quadriplegics all may have difficulty
with ramps steeper than 1:20. Some ambulant users with stamina limita-
tions and walking aid users may also have difficulty with steep ramps.
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Ramp Distances Traveled

4

. 0

t

.

.

r.A. . Distance:Traveled by thetichad, Users (percentages in parentheses)

Orsiance Traveled (in ft)
S1 ope:

1:12 1:16 1:20

Equal to or &It less'
Grafter than than

..

5,, .. 17 (30) .2- '1(11)

1

0
4

4\ 5
1 0 (0 0 . o

11 . '20 2 .(4) 3 .(18) o

21 -29. 3 (5) 1 (6) A O
. ,

,..

30 ,40 32 ,(56). '11 .(69' : 3 ..(1 00)
, .

57a (100). li (100) . ,3 (100)

...

Total
.

a

0.

Includes wheelchair users with exceptional.abilities.

k 4111/. .
.

t
, .,:

.. JI Distance Traveled by All Others (pgrceritages in pa.rentheses)
r.,, .

S1 ope:

'Distance Traveled (in ft) 1:12 1:16 .,, .. '4.1:20 - e

1 , ,' s
Esual to or *- But less ' 4,

.
.

Gteatler than than,*. #

'
10

1 ON :14 20

21 .

A.
4

. 40.
.

. :Missing`data

Total

,....0 ,;'' 0 0
' vow

.0- 0 . 0

0

`. 1 (1) 0 . .0.....`-'
4,

.:
65 (98) 1 (100).4 .'..,..

..

iv. r: _.Q.
. -......:,,.....-.O:).

..s.
. 6.7 -(100). .1. (1.00) k ...'5 1. 0. 4,. '.. ". 4:'":

r .., '..."4.:' ..,: ,. .. ..

41

k
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.1 .1(

r

. ,4 r .. .,..- :4 .. f 4,
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Table 12: Ranp slopes and 'Completton Time

41)

4.

tj

-A..' Wheelchair Users Who Completed 40 Feet (percentages in parentheses)

Slope:
Cbmpletion Time (in secr 41:12 . 1:16 1:20

4...

.

.

Equal to or But ,less
Greater than than

28 40

41 '47:1V

61 . ,80.

81 120 .,

1,20,
.

Missing data .
l-

TotaL. k

7 (23)

6: ?19)

5 (16)

7 (23)'''

I , 5 (16)
.

0

f (3) ,

5

2

// 10

(50)

)(20),

(.10) .,
.,.

. .

,

.4

0

0

0'

0,

2.

0

3'

(33)

..

(67)

,..A
4'

.

31a 1100).

......_

(100)
t

(100)
.F.

1/

lIncludes
wheelchair ttsers with exceptional abilities..

. .

B. All Others Who Gompleted 4 0 Feet.(percentages in parentheses)

Slope:

.6
Completion Time (in sec) 1:1 1:12 , 1:20

Equal to or
Greater than

But less
than

27 37

28 40 11

', 60 7

80 5

120 2
4"..'

,
120. .2

.Missing dita 1

65

(57). 0. 0 ,

(17) 0 . 0

.(11) 0 0.

(8) 0.
.

0

(3) 2 (100) 0

(3) 0 10

ID 0 O.

(100) 2 (100) 0

4.4

4.

53
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Table 13:
(1'

Maximum Lenths anC1 Slopes for Rainpways.

Allowable Ho'rizontal Maximum Horizontal Pros
Proje:tion for Rampveysa jection of Each Run
(in feet) b (in feet)

:.

I

'Maximurn

%

Rise of
a Sing)e Rutt
(4n ihchesl.

_...

'''

..

. .
bAllowable Slopes of Rampways

2

8

60 .

160-

2

L.3

.
30

40

...

3

9

30.

30
..,

, .

If slope 12.5% (1:8) or less steepc .
-

If slope - 10.0% (1:10) or less steepc

If slope * 8.3% (1:12) or less.steep

'If. slope . 6.25% (1:16) or less steep

a
A rampway may have more than 'one ramp. rui); landings. are hot counted as part of total allowable horizontal
projection. . .

bAll slopes taken frau a hofrizontal plane.

cBased on research of others (Templer, 1977 and-WaJter$, 1971).
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Toil et

, Objectives
.

. . j/k

- Deter10 the_ ni-Mum climensions for toilet stalls that will accom-.
'modate'all u ers.

- Determine comfortable heights'for toilets satisfactory for both ambu-
lant and non-ambulant users, ifpossible,

i

- ,Evaluate the need.for grab bars at toilets and determine the best
location for them. ,

,

,

- Determine the reach limits of people for establishing the location of
.

toilet paper dispensers and flush controls.

Apparatus

A wall hung toilet was mounted on a device that allowed changing the\
height rapidlyzand easily. Toilet seat heights were adjustable from
15 1/2 inches to 4 1/2 inches, measured to the top of the seat. Four
sets of horiIontargrab bars were mounted on movable, walls at either
side of the toilet. These bars were 1 1/2 inches in diameter and could
be pivoted out of. the way so that only one bar at a time was available
for use. The lowest grab bar was mounted at 27 inchei on center and
the three other bars were mounted at 3 inch .intervals to 36 inches,.

.meaSured from the floor to the center of the bar. A single horizontal.
bar was mounted 18 inches above.the toilet rim on the rear wall. The
walls were parallel with the toilet and could be moved from within 12
inchesi-on center with the toilet bowl to 48. inches,on center with the
bowl. , All bars and the walls were.marked with a six inch grid. A
grid !es alp painted on the floor.

Procedure

In' the first phase of testing, subjectg first demonstrated how they
' approached the toilet .before sitting down or transferring. The Stall
width was then adjusted to the Minimum size necessary to accommodate
their particular technique. The stall width was not adjusted narrower
than 36 inches. The toilet height was,set at 14 1/2 inches at first.
Subjects then selected bar heights with which they felt comfortable.
Initial trials were made to evaluate the seat height and grab bar .

height selected. Adjustments Were made until optimal, or-most comfort-
able, conditions were.found. On each trial,'seat height, stall width and
hand placement on bars were recorded. Maximum reach measurements were
obtained for toilet paper dispensers along the'closest side wall and
for flush controls at the rear wall. .

In the second phase of testing, wheeichai rs wto had used excessively
wide stalls and walking aid users who had narrow stdlls in the first
phase, returned to test 36 and.48 ifich wid stalls with four different
grab bar conditilons. In each stall, the toilet.was positioned so that
tts center14n4 was 18 inches from one side wall. The remaining4lall was
'set at .18 inches and then 30 inches from the bowl centerline. The four
grab bar conditions we're: A) four, bars affixed at each Ode as in

GO
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4..

prevtous testin4;.8) a massv.produced toilet seat with integral assist§,
C) a swing away bar on the wide side of the toilet, and D) a conditiod
where grab bars were available on only one side. For all conditions,
the toilet seat height waS,fixed at 17 1/2 inche to the top of the seat.

.`".

Subjects

In the first phale, people in all categorie§ at all levels were tested,\
including eleven able-bodied subjects and fIfty-eight wheelchair users,
four of whom had exceptionally good abilities. During' the secon4 phas4.
of testing, ping subjects who needed either excessively wide or Aarrow
stalls returned to.the laboratory #or further testing. Two of these
peoplee /had not been in the first phase sample.

A

.

Findings'

Results 4or the first phase shbwed that 31 percent Of the fotal wheel-
chair user group could not complete toilet transfers. Of the forty
wteelchair, users who could transfer, nine people needed stall widths
larger than 48 inches. Figure 6 illustrates stall.' widths for all sub.:.
jects using their optimal technique. A seat heig)ht of 17 to 19 inches
was most often preferred.

Grab bars at heights of 33 and 36 inches on cent were most preferred,
as illustrated in Figs. 7A-D. Bars were used most often starting 18
inches from the rear wall to four feet fron the as illustrated in
Figs. 7A-D.The grab bar at the rear mall" was used by ambulant people and
wheelchair users who could stand to transfer. Reach limits to the closest

range of 30 to 36 inches from the floor. Reach limi to the back wall

side wall extended from 36 to 42 inches from the rea all at a height

were within 12 inches of either side of tbe, toilet centerline and above 6
inches from the top of the toilet seat.

In the second phase of testing, all subjects were able to complete a
transfer to'the toilet within a 48 inch wide stall, as een frolA Table 14.
Several people who normally preferred a side transfer technique could
perform a diagonal front transfer but indicated that it was more diffi-
cult. The integral seat grab bar was the least preferred grab bar
condition as the 'bars were too'low for most ulsers (9 inches above the
seat or 26 1/2 inches aboVe the floor). The bar supports became obgtruc-
tions to people using diagonal front transfers. The swing away bar was
useful to both semi-ambulant subjects and-wheelcherirses. The con-
struction of the bar, however, caused a slight movement at the grasping
end which made several people uneasy. When faced with the restriction
of grab bars to only one side, subjects selected the side.closest to the
toilet.(18 inches from bowl,centerline). This situation-was usable to
most Wireelchair users since tlieir wteelchairs served as an additional
assist on the other side. Ambulant people with balance problems, users
.of walking aids, and wheelchair users who stood to,transfer expressed an
uneasiness and preferred bars on both sides for security.

-We were concerned not only with the width of stalls as they accommodated

r
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the various txpes of transfer techniques, but also as they 4re rollated
to

other aspects of use. Table 16 shows various stall sizes and how they
accommodated the various transfer techniques, allow the user to easily
close the stall door before transferring,and allowed use of the ttall
withoUt folding the wheOchair to move it out of the way. The depth
dimensions were establiOhed by intensive testAng with a largemale (95th
percentile) using a wheelchair. Since these size constraints are greatest,
they-will accommbaate all smaller individuals.

In our sample, there were no quadriplegics with spinal cord.injuries at
the C-5 or C-6 levels who transferred onto the toilet.. Many C-5-and C-6
quadriplegics can transfer. Bars on both sides of 'the toilet at 18 inches.
on center with the bowl can be helpful to these people since they can
use both grab bars simultaneously tp lift themSelves forward onto the

Adilet, using their shoulder strength with forearms pressed along the
bars. The close-in 'bars on both sides also help to'maintain balance.
However, most C-5 and quadriplegics are not taught this method and
a wheelchair next tO the'toilet of the open side of a 48 or 60.inch wide
stall can also serve to maintain balance. A pivoting bar can provide
a close-in grab"bar on the open side of a wide stall when needed.. How-
ever, most bars of this sort have unacceptable "play" in their mechanism
and the bar can be an obstacle to those people that don't have,the
strength to move it outof the way.

Recommendations

The width o6 toilet sta,11 should be at least, 48 inches with 30 inches
4.,!)

from the bowl-centerline to wall on one side.. Grab bars should be located on both
sides between 3,3 friches and 36 inches high on center. Although fewh
subjects used grab bats between the back wal) an8 18 inches from the ,

wall', an extra 6 inches would provide a measure of safety. Likewise, -,

bars that 'extend 54 inches frqp the back wall also ptpvide a measure of
safety for a person who may be falling forward as they transfer off he
'toilet. Thus, side,grab bars should start 1 foot from the rear wall and
be 3 feet long. A bar should also be installed along the rear wall at
he sale height as ottlpr bars. The minimum depth of a 48 inch wide stali
should be 66 inches. Itf'a 60 inch wide stall-is used, the back grab bar:.
should extend further into the open space next to the tdilet to'give
support to semi-ambulant people. In a 60 inchstall, dle side futthest
away febm the toilet does not .need a grab bar. The 60 inch stall 'can
be a minimum of 56 inches deep. Toilet paper. dispensers should be
'iodated on the close wall, no more than 36 inches from the backmall
and between 30.inchesand 36 inches high. Flush controls.should be
located on the wide side-of the stall. These basic recommendations for
toilet stalls can be used for toil&t areas in residential_bithrooms as
well; however, the grab bars do not need to:Abe installed unless they are
needed by a dwelling occupant.

Marginal Population

The 48 inch wide toilet stall will accOmmodate/all wheelchair users who, .

normally transfer onto toilets. Because people whb did not transfer
0-

. 62
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came from virtualTy all disability levels, the issue of transfer seems
related to previoo training.or personal preference and not strictly
related to the level of disability. Thus, many'paraplegics with strong ,
upper extremities, capable of transferring, choose not to utilize pub-
lic' toilets, whereas some quadriplegics regularly transfer even though
it is comparatively more difficult for them.

*.#



I

Figure 6: Minimum Widths for Toilet Stalls
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Figure 7A: Use of Grab Bars at the Toilet.- Right Wall, Walicing Aid
Users
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_Figurl 7B: Use of Grab Bars at the Toilet - Left Wall, Walking Aid Users
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Figure lc: Use of thab Bars at the Toilet - Right Wall, Wheelchair
Users
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Fi ure 70: Use o 'Grab firs at the Toilet Left all Wheelchair Users
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Bathtub

Objectiyes

- Identify location of grab bars for c venient use by all users.
- Determine range of grab bar heights that accommodate all users.
- Establish reach limits'from seated position.for determining locatolOn
of soap dish, 'controls, etc:.'

r- Determine need for seat at end of tub.
. petermine space clearances required for transferring,into tub. -

Apparatus

Multiple sets of grab bars were installed around ustandard 30 inch
by 60 inch bathtub. Grab bar heights sta'hted at 30 inches above the
floor and increased in three inch intervals to 36 inches., An addition-
al horizontal grab bar was located nine:inches above the rim of the
tub; or 24 inches from the floor. All horizontal bars. were contin ous
across the head, back and footwalls of the tub. Three vertical g ab
bars were install ., two 2 foot long bars on the side wall, each 14 \
inches from the e d walls, and a floor-to-ceiling bar that could be.
located on A 2 inc interval anywhere against the front rim, of the tub;
Head, side and foo walls were marked in a 6 inch square grid pattern
ftfor the purpose of ecording.ateas of reach (see Fig. 9A ). The, .

floor in front of the tub was also.marked with a 6 inch grid'to deter-
mine required space"clearances for transferring from a wheelchair. In
the second phase, a 4 inch high platform ip front of the tub simulated
a sunken tub with an \11 inch high rim measured from the floor.

11.

Procedure
Ir

In the first phase, subjecti transferred into the tub. Chairs were .

made available for placement in the tub and/or outside the tub. Also,
a board was available tp -s raddle both chairs if desired. Locations ,

of chairs placed outside he tub and locations of wheelchairs were re-
, corded. Hand placements n lateral and vertfcal grab bars were recorded
as used. Measurements wire recorded for highest left an ight reaches
on foot and back wial)s fr a seated position.

In the second phase, ambu
while outside the tub and
to the foot and side wall

ant users reached to foot and side walls'
tested a sunken tub. Wheelchair users reached
'while outside the tub.

11

S t I

People in all disability leve s were tested fn-the first phase; the
total number of diSabled sub ts was 187. In a second phase of testidg,
six ambulant\people, four of w had difficulty bending and kneeling )-,
returned toottst a sunken batht b A four inch high platform reduced
the height.of the rim to approxi tely 11 inches. In a4dition, five
Wheelchair userss\whos-c4t0g/use tubs returned to st areas of reach
while oueside the\tuh.

f 4 ,
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1.Findings

Thirty-three ,wheelchair, users of the total 57 member wKeelchair sub-sample
not test the bathtub because they did.not use a.

bathtub (aso bath or shower) in their, hanef These people included quadri-
plegics for the most part, but also included people who couldLtransfer
but did not take baths as a matter' of personal 'preference. Mibulant
users who. elected not to test the bathtub were often either hemiplegits
who could not negotiate the rim-of the,tub; or.frail elderly persons with
'stamina or balance problentis who feared accident, while tising the bathtub.

While the lack of water and seep provided a .more slip-resistant 'surface
than in actual use, the benefits of water bouyancy were absent. With
dry hands, however,users were much more. able to maintain a better grasp
on.grab .bars than they would with wet hands.

The, horizontal grab bars which were uied most often were those at 36
-inches abeve the floor and 9 inches from the rini.of the tub (see Fig. 9d).
Bars on all three sides of the tub (head, side and-foot walls) were used.
Bars at the head and foot walls were most frequently use8 as' stabilizing
aids when negotiating the rim of the tub. Center portions of the bars
on'the side wall were used when standing and when raising or lowering
into the bathtub. The 36 inch high bar was used as a stabilizing aid
while sUnding in the'tub by both ambulant people and wheelchair users
who could stand.. The 9 inch bar was used to lower into`the tub or
raise up fran the-tub. The lower bar was also used to pull close to the
foot wall. in order to adjust controls.

Hand placenent along the vertical bar..was'usually 24 inches to 54 inches
above the floor, with most wheelchair users' utilizing the segnent between
24 and' 48.1t1thes; Most areas of foot and side walls surrounding:the.
tub wpre reached, from a,seated position in the tub, to a ,hei.ght' Ot..33

0 .. .inches above. the rim of the. tub.
61i. " 0 .People transferred from wheelchairs in both' parallel-an.d trontal approachee.. -A 48 inch by 48 inch. square in front of Ithe tu1111 accovimocate

needs pf people who use b9th transter techniques (tee-Figpl2
who could no,t stand to transfer, gInerally asiumed a' trallshir approach
parallel to the rim of the tub and transferred qjirectly to tiler*. A
searat the rear of the tub was beneficjil. people 'who.emilorthis't:ransfer.
method.

On'

'

:

s'

Results of the second phase.:. of .tistitg thovi0.;that,tall. six'ambulant pepOle"
. could:,reach the side wall of ,tte.:tuk.while.o.utside-tlietwir.': They could

'reach a line 6 inches above thi ritt. along he .side...wal.1.. 'They could. al:so *.
reach thelsame 'height on the foot wall....,.Stklien #,UI?t were not preferred
by ambuladt\users maintaining balanbe. Four. wheeldhair userS wete. tested
in reac'hing çrom outside the tublNone could reach t11.0.,Sidb wal of-the
tub from outs de the tub; Thetcould Qwever .reic,h.a 11ne 61indles':..)
above the .rim t the foot end of the tub from the.front Oge to. theceriterlineof the tu

e.

'C

.

0.
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Recommendations
T

Horizontal grab bars should be placed on the three wells of the
tub:. Two bars, 'each at least 2 feet in length, should belocited
.oh the sidewe11, starting 1 foot from the head Wall. Thete bars
should.be located at 36 inches from the floor and 9 inches'above

''..the rim of the'tub. Horizontal bars at the head and foa end
e.the.tub, should be 12 and 24 inches long, respectively, and should
be plaped at 36 incheSfrom the floor and be,aligned with the front
rim Of the tub. A horizontal bar would be more slip-resistent, than

-a...vertical er for use when negotiating:the tub rim,.but the -
horizontal bat Must be placed along the wall or it becomes an
obstacle,

, When acc.ess is parallel to the tub, an unobstructed floor space
of 30 inches wide is needed, While perpendicular access requfres
a space 48 inches wide. Controls at the foot'ercd of the tub,
within reach of users outside of the tub are preferred, as such
a location permits testing of water temperature and filling-of
the tub before getting in.
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... .

1,
, Marginal Population #

..

In nearly all the disability levels of wheelchAr user's, there

.
.

were some who could not transfer into the tub. sHowever, the .

highest concentration of those who could not transfer was that
.. .group who haVe three or four limbs affecte,and those who have

limitations of stamina. A smaller number of.semi-ambulatory people . .

could not transfer into the bathtub. These were p4i2ple who use
walking aids as well as a small scattering of peopT in other di_s- .

,
ability categories wto, in'inost instances, were indiviluals with.

4 .-

,

.,

multiple disabilities.
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Figure 9A: Bathtub Grit) Bar Testing Apparatus --PlarT
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Figure 98:, Bathtub Grab Bar Test'ing App r tus Elevati ns
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Figure 10A: Use of GrablBars at Side Wall - Wheelchair Users Only
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Figure lOB: Use& _Grab Bars' at Head Wall --aeelchaft Users
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Fig"ure 10C: Use of Grab Bars at Foot Wall - Wheekhair Users
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Figure 100: Use of Grab Bars at Side Wall - Walking Aid Users
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Figure 10E: Use of GrAb Bar*t 40\411 'Wa1kind Users
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.Figure 10F: 'use of Grab Bars at Fat Wall - Walking Aid Users
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Filute .lOG: Us of Vertical Grab Bar PlaOed at 0.uts0e of Edge of
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Figure 11A: Highest Reach Whi.4 Seated in Albitc Extreme Left,af,Side
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Figtire 1113: Highest !leach White Seated. in tub:to Extreme- Right of Foot-
wall Ali Sub ects
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Fp igure 11C:. aghest Reach Whc le Seated in Tub to Extreme Left of Foot... Wall - All Sub'ects
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Figure' 12: An Exa e Transfer
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Showers .

Objective'S

':

r
.

87.

- Compare th'e.. usability' oPewheel -in shower with showerSohaving a .curb.:D,etermi.nethe. minimum wi4th required for shower stalls:,
ApRaratu.t

. 4

4 Th*4 bathtub4.:testin ,statiO-n.Was 'modified into 60 inch wheel-in arid 36inch' Convent-Anal shoW6r.stallsiby emoving the bathtub. In conjunc-
r
tion 'with:.theliheel;op Stall, fiber oard mock-upl of a toilet and sinkwere...built;;;,:.. The:1014 -was. 17 .,inches high and the sink was 10 inchesdee0-344 mbUnted 'on the.iwall at; a height of 32 inches tp the rim.j.ther ciftthese mbC.k.upi C:Ould be positioned ilext to .th0 shower spade° to,.,'simulate,:two different flbor layout conditions in bathrooms: ...A) --toil .to,a shower-and 13) sink mext to shower. -Both conditions..aSsUmed that the ,shower stall would be at otie.Ind of the bathrOomindfhat.the width of tthe.:13atheoom. would be five f4et'. The shower was.:. .'°,...:five-feet long ariCi.ts.width was variable. All layout conditiOns. ft

.:'.a,'Ssumed 'that 'entry tD thi.shower -space would be through.a 34 inCh space--.the'odifferencebetweelt.the iii.inisn)m 60 inch bathroom width for typical, fulV bathrboMs anct 26 inches, :the depth of a typical re.sidential.-Tyl,s space Was: alOng.the''SiOe of the bathrooM opposite .sink.and toilet.Grab bars.-wer)e-!.identital V) those uSerd in the bathtub testing station,the Aertical.-bar.
-f.

'testing the 36 inch Shower sta I 1 a' seat vas provided in the shower,,:. .,.as shown in Fill.' 13A. Thse seat was 17 1/2 inches high 'and.18 inches. deep: 'D,ue to...the presence 'of grab bars above the seat, its effettive.' cleePthwas 15 Inches.,-.The Seat was -30 inches long. A 4 inch curb could .-lije ihsSa 1Vi'd,.a 109 ,the-,,shower space edge. ,- .'
1. .., , - : i

,ProFedure,. ...
a :. ..,

.-
,l

Wheel-tri shower:-,-:;.:%Sutijects first were tested with a wheelIin 'shower (no': ..ciirb and: ho .Seat)% They . approached the shower s'pace through ttie 34inch-cleat-space Made an 1.-turn intO..the..'sbOwer area and then came
aback oikt-`4.n anyway .they wishedi, - ,

, ,..
1

-.. i , .n

'4 Tit& trikls kilt Made,'one with' thc sink and a second witth the toiletinst#.1leci.adSa'seerit.to the shower. The.sibk and toilet were ihstalled ,initially..-at dlitanbOs o.f. JO inches' and 36 inches, respectively from' .the back '41liof,`the.',shower..,'If the width of the'shower space was not -..1, sfici'ent kt \these di§tanc.es, th0. toilet ,or -sink was moved bktt until a
.,,

, .' s'convenienI.wt-dth.*s established, 1,1se of:g.rab bars was recorded as in. -:-.- ttie bithtf4b knd toilet stkl 1. exper1ments.1 . ,
v... ..

,
.

C'aii"vonfiona1-..shtswer sta1l 'Wl.dects approadfied 'thdshOwer stall in themanner. easjes; .Thdy' were:.:then askid..,to .transfer onto the shower:;seaht usinvant,of,.the'grabars they' wi,shed. Each subject'transferred,"wittqhe cut'b in place4and with' the curb ripOed. Wheelchair',

V

-1

'1

,,
1

4-$



tion,, grab bar- use a d transfer performance were recorded.
.

. ' Sub-ects .

.

..Tenqheelchalr users- were:tested at th'e wheel-in shower. Nine of these
V suiiiticts w6re hemiglegicsi:or people with bending, turning and stamina

of-theie;people were tested in transferring into the 16
stiower,with and 'without the,curb in'place. Four were paraplegics

-,and Wee:were hem.ipilegic.?,

F ind ngs...:
,.... ) .

'' . t ' ,
:..-.- . . . - , . , _

-..-:` .t..41410-.-In shower: The 34 inch witle entry space was sufficient for all
-::" :: user.S-.: With a:toilet adjaCenYto'thewheel-in...shower, a distante of 42

itithes frail 'the back wall to the.,edge of the,b-pwl was necessary for
,e-Vety person to turn'lin and exit .ourof::the :skewer space.. A 'sink set-
','/Ort, 36 inc he's from the back wa 1 1 all 1 ovied levery.uSer to turn into and exit
'from the shower space. Most subjects tould turn arefund in these spaces

. , needed..to 'enter the,:shower.' The differente in.required width of the
' Stall area was due to".the use of...f.hesclear spate inidei" :the sink tor nian:

.(-. -euvering: . .. .
4

. .

. ".. . : .

Convent.ional shoWer. stall: ::The3C'ili^:b irt:lhe shoWer 1044k...6'o-definite ob'.
:st1c1e .to all subjects.:. While they a,.11 managed .: to con01:0te- the transfer

h the curb. in 'place;,a,11 eXpretseda "jir*ferente:' for 's)ioWers with no
minimum-sled t.urbs :All :ubjet,ts used ;the grab: bar,...4;t 'either, -the

33 inch Or 36 inch:he:ights,:on:;:.either tMe'Seat'ig(I::Or'tge.-:back wall of
. . 4

t1.1'0 shOwer space. : 1.. . .: i-,./ ' :: : ,, -,.-:. : :,::-.4
.

. . . .. ... . ... - .. .::: i .
.. ...... .. ... .-_._ _ ... , ... . .

.f-Wheri- the ciirb .was.reoved, foir subjects apprOaChed.:the Stower !perpen-;
. . . . . . . :. .

Aicular to the ftont 'of: the 'stall; penetratiiig).part.:of the attual stall' .
space with their,wheelchairs:: With,:the curb: in-pla0,31:1.:4tpjitts
a pproaC he'd the Stall tither par*.'a.11e1r., diagonal; :to Viefrcint::;: edge of
the. curb: The wall at the back.rof the.?SeatipreVented-Aiop10.1stng paral-
I el, a pproitc hes, front' al igning the frorit,l'edge:_pf, their wheglchalr. "seats
with; the front edge.. of the shower seat-, '':,:,Genetal ty:;: a ':.48.:;::..by::4.0 : inCh: Space

- :in front of the, .stall ; paral 1 ell:to, the*: front OgeNas -OfficA:eftt clearance
: s. , '4. .. 4. . ....

:.

. .1

in front of, the _stall.

Recommendatigns
..

,:..

1f an .1.,-turn .is required to enter a wheel-in .shower wherc no knee2,space
, r

. 4 .:,' :

i s provi(ted adjaCent t
\

the shower', e;--q,::.wheti- a toil6t is so :19cated,
the -clear* Space reqUired. is 6Q. inches wideby.4,2 -inOtts s .:44tere:,
knee .ipac e i s prowided, such, as .'iinder a 1 avatoey, the:_.clear-: ;space:re- ;',

,
quired,[wOrtgo 1...tutth approach,. i-s. 60 inches wide .by;16 'inCheS;-deep-,,
Shower'seats, should be of adequate depth (clear sgat depth.:0t.ai 1SS'k
fifteen 'inche%)%.and,-shopld extend over Ishower.sthrflohold,Ctebs-:.if th'ey :

i
?

.are 'present; : There i S, 4 great need for new, destgns ' for "retiOntlal
. b. ,shoWers" wi bat areas of toncern being. mainly: 1 ) .-.preventOn 4of .vatOr .,'
, r spillage Other; Vian:.,(4e of dirbs, 2) design' of seat ahd ,3)1s',cleslort.e,0'

vansfer asists,. '. '
. il.. ., . ' ,

. . .
.,

4 1.1 4

'"
,1

: .^dt,

' dr
.

L

,Aktu(i. ,

fr '

" , .., . `,'..+1;'(
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'The,seat deign recommended by Timothy Nugent, of.the University ofIllinois, Rehabilitation-Education Center, provides a larger width seatat the back .0 the stall, enabling people with low stisength in backmuscles and difficulty maintaining balance to rest against both walls in4,the back corner (see Fig. 15 ). The seat folds up when the shower isused by-ambulant people. Ambulant people should have grab bars en-dcircling thie shower and, as we found, a grab bar behind the seat canbe useful for wheelchair users as well. However, for those wheelchairusers who need the support_of the back walls, bars located there canbe.dangerous and uncomfortable. Moreover, they prevent a seat frombeing folded up against the showerwall. To reconcile these varyingneeds, a structruarteinforcement area could be provided, allowing
Arab bars and seats to be installed as needed. This in an appropriate
solution in restdential bathrooms. In publicly used shower areas, aseat and grab bars should be provided tnitially. The design in Fig. 15is recommended.

,

Marginal Population

Generally, people with three or four affected limbs would have a moredifficult time making a 90° turn into a wheel-1n shower stall. Thus,some hemiplegics and corldriplegics could enter a stall that favoredtheir better arm but could not easily turn around or back out. Wheel-chair users with limitations of stamina woUld also have.a difficult
time maneuvering wheelchairs in tighter space&
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Figure 13A: Plan of Apparatus for Shower Still;s:- 36 .14i Shower
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Required for Smalleit $hower/No Curt!

Shower Adjacent o

Ftxtuce
Locati on

Shower Adjacent to Sink

34 in. entry

.36 iri toilet edge'
to:. -

Back showeryall:: 10 10 10. Total

SticcessfuT

Unsuccessful
,

".
34, in e-ntry

41 2 ;1ntolit edge 0 1

.to
ta.ck sho r wall

3 Successful

Unitfccessful

Total

E -6 . Fi xture
03 l_oEation

7 7 47t

3 3 3 30 i ri from sink edge
. to
10, 10 l flack 'shower wall

3

36 from sink edge,
. to

3 3' Back shower wall
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Fie 14: Recommended Shywer Seat
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Figure 14: (continued)
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Objective'.
A

= Test the feasibility of using-minimum size bathroom layouts foracAssible bathroces."0

e.

.Apparatus

Using equipment constructed for the toilet stall and' showerexperiments,two minimum sized bathroom layouts were arranged. All walls werewooden partitions; either fixed in place or able to slide along thefloor. One layouts the. in-line, had the water closet, lavatory and a 2 1/2foot by,5 fOotswheel-in shower rranged so that all plumbing lines tould .be served by tue same stacks;-With the entry located opposite thea.:watercloset and lavatory. ;lie second layout had the shower-stall oppogitethe water closet a,nd laVatory with the entry on a side wall. Entries.in each la.yout had)32 inch clear widths. Both laYouts were variationsof -typical 5 foot b) 7 1/2 foot4bathrooms, Grab bars were,provided atthe toilet.along the full lvngth orthe,,,adjaCent wall.
*.

45

9 5

ProCedure , .

- r A
- \ . 4

Subjects demOnStrated the use of an fixtureS in the bathrooms,'includingtransferring onto,the toilet. seat.and a seat in the shower. Each batiii-room,was tested Iiiith a wheel-in,shower stall and a shofier stall with .a seat. Also, transfers were tested with and without a 1 inch high curb;
iii pjace at the shower stall .

,
I s

"Sulbjects
1,55*IP.

Six subjects ere tested. They were se3ected from the group of people00 could tr4f.,ip phase one testing in the toilet stall, but _whooften had man eri oblems. Bathrooms satisfactory for this groupof people Auld -b satisfactory for all other subjects tested .in
phase one, Tncluding those whe could not transfer.

Findings .'
,

Both bathroomf were fully, usable when tested with wheel-in showers (no-. curbY. There was `Sufficienit maneuverteg room at all fixtures. The' layout with the 'shower opposite the toilet and lavatory' was less con.'-
... ven int Oecause thorei, was not enough space toturn around--subjects hadtb 'c.k iiut. If'curlis were installethat the shower, Subjects needed a

- cl rance space'at the rear 9nd of the shower to eransfer onto the; shower seat. They had tc; use a parallel transfer.method because t
. curb ftrecluded a .900 br diagonal approach. This means that in th lay-' I. - : out's tesfea with curbs, 4ubjects had to,keep Part qf their wheelchairr N

t , projecting thrrolighorthe doormay ly transfer. In such a situation, the
door tou1145not be closid. A3so, curbs in showers Mile it difficult to
moyl.whigeichairs out of thes:wsly After transferring to the ilet for
xectain transfer positions.

,

,
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'
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11°

. 98
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II

I I,

Recommeodations'I.
linimum size bathroom layouts are accessible if they provide suffitient
clearances.ffior,use of fixtures. jn the standard 5 foot.by 7 W2.foot
,bathr'oom, the entry should-be on the long:-wall,as shown in Fig. l&A.
If sbowers with curbs are used, then a space clearance of 12.inches

.

beyond the wall of the shoWer at which 'the seat is located shall be pro-
Nided.

,"
Marginal Population

People who cannot transfer in a 900 approach or,diagonal approach to a
toilet can6ot use typical minimal bathrooms unless 30 inch clearances,
are available #t the side of toilets. BO, we encountered no one in
our sample who could not use one of these two transfer methods if they
could transfer at'all; although for tome, the parallel transfer method
is more .copvenient,
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figure 15A: Bathroom Layout': .In-Line
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*Figure 15B: Bathroom.LAyout: Opposidg
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Figure 16A: Man.euvering in Bathrooms/1.

If a seat is used in the shower
with, a high curb, there has to be
clearance behind the shower to _

al low the door to be closed.,

7111Plisik
4 IN,

r

441..

.

If there is no curb, or a low curb,
a *eelchair can be pulled f\nto,
the shower, space to transfee.

With no se-at or curb and a 60 inch

shower, wheqlchairs can be turned
around in the shower space, adding
much convenience)in use. With a
folding seat, both the advantages
of not having to use a wheelchair
in the shower plus having the

maneuvering space are ob ained.



Figure 16B: Maneuver'Ing in Bathroorns/,2
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'Kitchen Work' Centers (and Lavatory

Objectives' .

- Determine comfortable heights of kitchen work surfaces and bathroom
k - lavatories.

- Determine maximum and comfortable heightsfOr shelves mounted abovework counters.
- Determine minimum heights for base cabinets and electrical outlets. .

&valuate the feasibjlity offaucet controls located in standard loca-
tions at the rear of- sinks. ,

Apparatus

Similar testing stations were constructed for the kitchen sink, mix'
cepter, range and bathroom lavatory. All of these testing stations had
adjustable counter and shelf heights and could be used with or without
-an'opening under the counter'. Sinks were set into counter tops.. Counter heights were adjustable from 24 to 36 inches, measured from
the floor to the top of the counter. An above counter shelf was adjust-...

able from-40 to 70 inches/ The upper shelf, where included, was con-
structed So that there would always be at least 15 inches clear distance
between the counter top and underside of- the shell. The m* center had
a feature that allowed us to test-reach to the furthest corner inside a
corner cupbard and the lowest reach below the counter (see Fig. 17).
Counter tops were 1 1/2 inches thick pia had supporting aprons 3 1/2\ inches.dee'p 'under the counter top surfaces,

11,

a.

Procedures

Testing' procedures at each unit included two "fitting trials" for com-
fortable counter heights with an opening-under the counter and reaching
trials for maximum and comfortable heights of shelves above counters.
Trials were conducted using simulated tasks common to each unit. At
the mix center, subjects mixed ingredients in a bowl and simulated
rolling dough witka rolling pip. At the,sink, subjects reached to
controls, scrubbed a pot with a brush and transferred the pot to-the
dishdrain,. At the cooktop, subjects stirred contents in a pan on a
front burner. At the lavatory, subjects reached to controls and simu-
lated washinl their faces.

In the fsirst 'of each fitting trial, colater tops were "set' at the maxi-
mum height and lowered while subjects repeated the simulated tasks, until
the subject indicated a comfOriable height had been reached. In the
second trial, the counter wa'sIset at, the minimUm height and raiSed to a
confortable height.

,
At the mix center, users repeated Ole procedures with a closed counter
front, reached to 10 shelves and`reached laterally as well. Reaching
trials to the shelves alpe counters .utilized a Z pound cylindrical

_cannister that could be grasped easi)ly with one hvd. When reaMing
above counters, shelf heights tere first adjusted to the maximum height

-kok
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reached by a$ outstretched hand, measured to the thumb-forefinger joint.
The shelf wai then adjusted.until the 5ubject could reach and pick up

. the cannister when Oaced at the front edge. Finally, the shelf was
adjusted to a comfortable height for remoVing the cannister from the rear
of theshelf. Reaching trials to shelves below counters utilized a
similar procedure.

,.
.

In the second phase of testing, the mix\cedter station was altered so
that there was no front apron and the total depth of the counter assembly
was only 1.5 inches. Twenty-five people in,wheelcfiairs who had previ-
ously-expressed comfortable 6ounter top levels at heights as close as

, possible to the height of standard wheelchair arms, returned to repeat
' the procedure at the mix center. As in the first phase, comfortable

working heights' were found in two fitting trials. In addition, the
counter top was set at 31 1/2 inches which provided 30 inches of knee
clearance and enough clearance for standard wheelchair armrests. The
counter top was adjusted further, if necessarY, until a comfortable
height was found. Once the user expresserpreference for a particular

, height, the distance from the person!s midrift to the counter edge was
measured. Because standard wheelchair armrests-may have restricted
counter movement to lower, more Comfortable heights, the counter was
tested once more with wheelchair armrests removed. Only subjects with
mheelchairs having removable armrests could be tested under this conditiqn-,'
-thus, the sample size was reduced to seventeen.

4
.

Two lavatory heights were tested in the second phase (32 and 34 inch),
Measured from the floor to the rim. At each height, the distance was
measured from counter edge to the nearest,portion-of the Subject's body.
After bothAeights were tested, subjects exPressed their.preference for one.

Subjects -

Between 150 and 160 subjects tested each of the four adju$table counter,
work centers during the first phase of testing. The number of subjects
at each work center varied somewhat because only cases without missing
data were counted. Some subjects never completed testing during the
first phase. There were 62 wheelchair users in the sample. Of these 62
subjects, twelve were paraplegics, eight were hemiplegics and thirteen
had restrictions in use of three or four limbs, .. Sixteen had varying
limitations of stamina.- Nine had difficulty bending.and turning and
four had exceptional reaching and maneuvering abilities. The ambulant
and'semii-ambulant subjects included peoprewith indOordination and manip-
ulation difficulties, lifting and reaching difficulttes, reliance on
walking aids, difficulty bending and kneeling, difficulty sitting or 1
getttng up from a dhair, difficulty using stairs, inclines walkingilong
distances and difficulty walk-frig on rough surfaces. These 81 people
plus eleven able-bodied people brodght the total number of possible test
sub,jlects to .154.

During,the second phase of testing, 25 wheelchair users returned to test
the.mtx center. These peQple haA expressed preferred counter top level%
at or near wheelchair armrest hei9hts. For the lalatop., 27 people
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returned who had' larger than a 3 inch difference between Comfortable,
open nd comfortable closed front trials. This group included 23
wheelchair users.

F indings

.105

As shown fo".Table 18, coMfortable counter heights for all work
centers for wheelthair usets:ranged from 26 to 36. inches.. Subjects
expressed. preferenceS for Open-front counters; the comfortable cl.osed-
front COunters were usually less dsable than the,open-front counters'.
BeCause Most people in wheelchairs assumed an approaCh parallel to the
'front of the counter. in the closed-front position, their reach was..1 i-
ited in virtually all directions . Table. 21 i 11 ustrate the dramaftic
iticrease in the nUmber of users-who could reach to the rear of upper
shelves:in the open-front mix.Oenter unit:. With the 15 inch clearance .

between Counter and°over-counter. shelf,, few people (29 percent) could
comfortably reach tc',1 the rear. of- the-shelf . In_other word a low

"' counter height of.' 25 inches to thewQrk surface meant that t e,,lowest
1Tmit of the upper shell was .39 .inches, which was still too igh for
most'. people to comfortably reach to the rear: Diagonal reac1 to the
rear corner of shelves in a corner was virtually impo.ssiblef r wheel-
chair users .

.

A'compar,ison of data for comfortable counter top heights at th0(arious
work stations show 'that a comfortable level is often a. function .of t.he
task. At the k:itchen sink station, a larger proportion of users,pre-
ferred higher placerent.than in ,the mix center,'because this brought
the sink bottom, which Is 'the actual work surface, to a comfortable
level. Many Users'2preferred the cooktop at lower heights, enabling\ them
to see into,a part placed on the rear burner. r

Comfortable counter heights for wheelchair 'users were often close to
lap leVels or below the height of wheelchair armrests. For thOse
people who did not have desk arMs or removable arms on their wheel-
chairs, thi.s meant that,their bodies were:often positioned 8 or more
inches away from the front edge of the ,counter. In thesecond phase
of testing, the removal of the 3.1/2 inch supporting apron, did hot
alter this relationsHip; in fact, it allowed fifteen of:the twenty-
five wheelchair users to have the counter tops loWered even .c9oser to
their lap. In the first phase, many aMbulatoty and semi-ambulatory
subjects-also preferred counters lower than the standard 36, inch height.

There were wide differences between the twofitting trials for comfort-
able cpunter heights. HoweYer, these differences were consistently
relateCto the starting position of the-trial. The high-starting
position resulted in h.igher comfortable levels. This is most likely
due to the short experience with each height' provided by the testing
situation. The two fitting trials must eviewed as-bracketing:the
comfort range for an individual. Extensiye work with:eaCh subject would,
probably narrpw that range further for. indiVidUals Considerting'' the
data in aggregate; a conservative approach td recommendationwoUld

1

'
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7 uttrize the,"raisiz,to-cOmfortable level trial. to'deterrine the,lower' tinge,: . !
., .of comfort aiiththe *lower-to.i.cdqf rtabl e' tr3a.l'Avdetermirie upper .:.- +

, '....r.anr`.,- rt i.s:alsosEear that- so.. wheelchPr 6-sers,prefet41.tiv ter' .
. ,... .. i ,

.!.. a

4 /ur ace below armrest level -and o hers. 'above- tiit level :' ,

,.. .-. , .. : s
, ,A..

c tici P.Y of ' t he wheelchatr users 'a-rid a ifewof the arnbtOry and s 4.

I

I
/

1

ambbialtory subjects, could ncit- Oeach, 114er than 1,5 iriche's abdve t
e

.-to up.-the .carinister when- loCated al;1 Vie baCk. Of a'shelf below a":.
"Ounter. All '4f .the s.ubjects could reacjh to at least'9 inches at ther
1,frgnt of the 'low shelf: Over 80 percent of t.he subjects tes,tinq thetw
lalatbry'hOghts. preferred the 32 inch\ height.

.

17 ,--i''
Resmmendatiohs r

,
, .

,
' a,

\. - 'Residential kitghen counter tops.should tie adjustable to prov.ide optimin
woicking heights tor effferent'tasks.and diff&ent users. V.range 'of.

kdjustability from 28 to 36. inches 'for a 1 1/2 'inch thick wor.k surface
will provide canfortant height alternafives as well leg dlearaicee for
most' people. Another ceptable approach' to adjustability could be to
provide thnee alternative, heights for:. 1) standing, work (-36 incbgs),' 2)-

.,.
.

si,tting workAith,the, work surface close, to lap level (28 .inchet, and 3)
work with the wor surface high enough for wheelchair arms to.

fit underneath (32 inche Pub,1 icl y-used facil ities;. such ats -lautoriest
should' be fixed at a cOmpromise height of 32 inches; measured to,the"rim.
Shelves above kitchen counters should be positioned so that uat last --

. one .ShePf of all cabinets above -the counter is no more than 48 inches
- above the floor. Shelves below kitchen counters should- haVe. at, least

opp shelf no lower than 15,inches 'above the floor. .
4,

-!) i
.

/1.
. rMarginal Population

.

Wheelchair users- who could' ndt reach the front of the upper shelf'set at
48 inches had poor stamba and 'difficulty 'bending and torning. A few :
wheelchairusers 'with orie or both legs attested were unable to-reach the
back part of the shelf.' But most of those sub;jects who could not complete
this task were in the groupS having three or four limbs affectedt thos'e -

. with limitations of stamina and those who have difficulty bending and
turning;

*f v. :
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Tabli 18: tonif rtable Couhte t

I

H i hts wtth rya

9 .

f r Wheelchair Us'ers

0

-Cooktop: s.

.1 ( Open !rant
I

0 .

411
vo

.

Counter Height c'

!Ki tchen Sink:
dpen Front _

Bath room Lavatory:
Open Front-

Mfx Center:
0 en ont

Equal to or But less .'\
Greater than :than ... ,
24. 1n , 26 in ,.1 V 0

.
*, 0 '0 o o 0

26 - :- 28 2 - (3), 1 (2)
.

0 2 14) 1 (2) 6 (10) % 4 (7). .2a. 30 15 (28) 8 (14) a (14i 5; (8) 12 (22) 9 (17) 20 (34) 15 (26)
30 .. .32 29 ,(54) ,, .3i; ,(41) 22' ),(39) 16 , (28) 22 (41) ci (39) 21 (36) -23- (40),. t,

32* 34.4 3 (61 16 (30) 15 (26) 2Q (35) 14 (26) 15 (28) 6 (10) 11 (18)
14 36 5 (9) " .i (13) 10 417)/4 If 4. 4

4 ,8 .(15) 1 (2): 4 (7)
36 ...,

i ' 0 ' . 0- , 1 c2) 1 (i)' 0 o 1/ (2)'. 0

,40+14issing data 0 P
J) 0 °\ 1 (2) 0 0 3 (6) I (2)

... No perforrice ., 0 ,,,Q. A i ID 0. _ 0., A. 0 0
0

. .
Tothl , 54 (40) 54 (100), 57 (100)( 57 -(100) : 54 (100) 54 (100)

,
58 (100). 58 (100) `

.. ,

4.

11

, . .
1Does not include those wi thexcept ral Ail i tier;

,.

110
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Table 19: Comfortable totintertovItefg
" (percentages in parênthese

(1 :7-

. .

wi W_on) for NOn7WheelOh4fr. ''Usersa .

.

Cook top: Kitchen Sink: 4'
Closed Front Closed Front

qii 41) oi

.. I S Xi. 4

. f.t I 1
.:)

8 t..)4
2, .....

o
4)o

..-- ).
vs (Iai r-

Counter Height

Equal to* kut less

MW

Greater than than (

24 in . 26 in 0 P o 0

26.
.....

28

2a, 36

30 ''' ,. . 32

32 v. 34

4, 36

36 !
Missing data.

0 1 (1) 0 v 0

3 (4) 0 . 3 14) 2

401 9 (11) 6 (7) ., -4 6 17) 3

23 (28) 10 (12) 15 . (18)° 4
..,

3 35 (42) 35 (42) 28 (31). 24

13 (15) 7 30 (.36) 131 (36) '50

Bekthroom Lavatory:

Closed -Front

,

w a, -
\ ...; ... ...0-

f.
,.f.

. . 0 0
1 t). s

cts
vs cts "

OWw 1,1 J.

4

o'

2 .(3)

. o

0 ...
(2) 0 : 0

(4) 7 (9) 0

(5) '18 (23$ 15 C19)

(24) 30 (39) 27 (35)

.(59) 19 425) 32 (4'3)

'
Mix Center: /..

Cl9sed-Front

..

'1 ' (1) ,l (1)

2 t2) 1 (1)

7 (8) 1 (1)

20 (20 9 (1.1.)

23 (27) 20 (24)

2Q (24) 23 (2,7)

If (13) 29 (34)-
: A., 1 ii) A igiL,' 2 _s_2) _ThP_LI). .1.12) , i :20 1 aD .......,,::, ,,

Total 03 (1.00) 83 (100) 85 (100) 85_(100) .77 (100) _77(100) 85 (100) 85 (100)

.,

'Does not Include ab bodied subjects. .
-

P
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Table p.r. Comfortable Countertolk.Héigh for Able-Bodied ControT Sample (perantages
.-- in parenthes0) : ,i

,

,
..

I' . ....

Cooktop: Ki tchen Sink: Bathrpbm Lavatory:
Closed Front Closed Front Cl osed-Front

- 0.
0/ W. rti

1 / 14: '
s

.0

L. e..
,

A* .

Wr

ter Bei h

Equal to pr But less
Greater than than

26 in 0

28 .

24 .in

26

*28

30

32

34 "-

36

, Total

A

Mix Cente.
Closed .Front

1

A / 1

0 0 0 0 00 o P

o o o 1 (7). 1 (7) 0 0

30 1 Ur 1 (7) 0, 0 0 0 1 (7) 0
. .

32 0 0 0 .0 0 , 0 1 (7) F (14)

34 1 (7) 1 (7) 2 (14) 1 (73. 1 (7) 1 (7) 1 (7) 6 k

1 er 1 (7)1 0 .1 (7) 3 (22) 3 (22) 3, (22) 4 (29)36 -3

9 64 11 i79) 12 IN 12 AO 9 1W 9 16.1) 8 151) 8 ,(.57)

14 100) 14 (100), 14 (100) 14 (100). 14 (100) 14 (100) .. 14 (100) 14 (100)

1.
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Table 21: Furthest -Reach to Shelf Above. Cpunfer for Whgelchair Users,
cfercentages in parentileses) ,

.,

4-0 Open) :Front

Sh lf Hei ht

Closed
..Front.

.0

0
+1

0

Open
. Front

Closed
Front

.0

io

P

Open
,Front

FCrloonsetd

4
0.1

-V1

0

-56. u
CO

+.

'0,/0

aiCO

CU

KS 4

0 .0l- V/
g 46%!

Equal to or But less
Greater than.. than

4.0 in

44

48

52

56
1

60 )

64

68

72

No performance'

Total

44 in

48

52

56.

60

64

68

72

.

l

0

6.'001

12 (21)

21 (36)

13' (23)

2 (3)

3 .(5)'

0

01

.1 46
,58 (100) :

o

16

19

14

5

0

1

0

0

3

58

(r8)

(33)

(24).
.,

(9)

(2)

(I)

(100)

0

21

18

6

2

0

1

0.

0

10

58

(36) .

.(32)

(10)

(3)

4 (2)

'(17)

0

23 (40)

11 (l9)

1 (2)

1 (2)

0 .

0

0
.

0
,

..23,e (40) .

0

,
17

11

2'

0

0'
1

0

o

27

68

\
(29)

(19)

(33

,

(2)

(47 )

0.

9

6

o.

0

10

0

0

o

48

58

v.

(16)

(10)

(74).

(100)( 58 (100) (100) (100)
.

0.

J.

.

,.
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Table 22: Furthest. Reach to ShelY AboVe Counter for Non-Wheelcha r

i tphrcentages in parentheses
,

a.

'

Closed Front

...Shelf Height .

s

r

Equal td4or But less
Greater than titin ,

r

No ,perfornlance' . 2 (2) 3 (4) 4 (5)

40 in, 44'in ..: 0 .. o o
,)

44 48 1 (1 ) o 4 ,(5,) ',
.:

,..

2 k(2): 5 (6)

52 6 2,.. (2) 3 (4) .. 15 (1B)

48 .

4

56 60 4 (5) , 11 (13) 20 (24)'

60 64 12 .(14).. 20 .(24) 21 (25)

64. 68 19 (23') : 21 '(25) 14 (17)'

68 72 3g, (46) 17 (20) 0

72. .' 5 (6) 3 (4) 2 (2)

.,Total 83 4100) 83 (100) 83 (100):

a

'Does not include able-bodied subjects.

4

114



.Table 23: Com arison of Comfortable Counterto Hei hts for Use With and With-out Whee chair Armrests fin ace percentages n parenthéses

Ow I

1

L
Counter Height

.Arm Rests No Arm Rests

.1

1
04

in
.0

111 16-4

11441

.4444

g
0

0,4 4.1

A+4
1.1:1

1--cs
Equal to or
4reater than

26 in

27

28 ',

29

30 .

31

. , .

32

14 ,.

Missing data

.Total 'V

But lest
than

27 in 5

28 7

29 9

30 N2.,
31 1

32 o

34 o
,

36 1 ,.

...P. t

25

(20)

(28)

(36)'

(8)

(4)

.1

(4)

2 (8)

.3 (12)

3 (12)

3 (12)

8 . (32)

2 (8)

3 (12)

1, .(4)

a

t., .

/ 1 (1)

5 (20)

5 (16)

4 (16)

10 (40_

o

0

1; .(4),

..

)
,

7

o

4

_ 3
3

q

0

17

(40)

(24)

(18)

(18)

0

2

4

3

4

2

1

1.

. 0

17

(12)

(24)

..(18) .

.(24)

(12)

(6)

'i(e)

.'

-

11

2

1

4

5

4

o

0

1

25.

(12)

(6)

(24),
.

(28)
\
- (24)

(6)

/

,

.
(100) 25 (100) 25 (100) 1100) (100) (100)

74'

9 .4
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Table 24: Comyarison. of Distances to Bodx at Comfortable Countertop Heightsfor Use With
and`Without Wheelchafr Arm Rests in Nace Dercentages in parentheses).

4

Counter Height

Arm Rests

>) >) >1-0 -0 -00 0 0
CO CO CO

.4-11 vi . , -1-1

0 0

r-_ U 0.1 (../ i,;)1. t
s aj w

C \ C
RS 4-1 to .3.r.. QV ..- 1.01

.Equal to or But less
Greater thaili than

....7 in '2 in 2 (8) 3

'2 4 4 .(16h. 5
t.

4 , 6
.6 (24) 5

6 8
.

6 (24) 5

8 10 t 4 (1,6) . 2

10 3 1E) 5/-
Total 25 (100) ?5

4.

5

No Arm.Rests,,

0
+1

w,
(.)

0
53.)

.

(NJ L.)

0

(N, C.)

Ird +3
.1..... in .5- V/

S.- r"
(=1

'(l\2) 2 (8) 7 (40)
,

(20h 6 (24) 4 (24)

(20) 6 (24) 3 (18)

(20) 4, (16) 2 (12)

(8) 3 (12) 0 .

.(2.9.) 4 (1E0

(100) 25 (100)

MIS

,

6 (34) ..7 (40)

4 (24) .2 (12)

4 .(24) 5 '-(3p):.

2 (12)- 2 ( 14
0 ,

0

i _AO 1 4(6)

17. foor Ood)

4.-

I.

S%.

I

4
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'Table 2 'Reich Above Floor, to the Rear of Low Shelves
di

6

WheelchAir Users. Non-Whèelchair Users

4
S.

4

Equal to or
Greater than

in

6 '. /..' e

i

,,

12, '

4 15

18 \,..-

Total

1

Buhllesi
t

6 in

9

. 12

19 .1-

.18

. 1

(

.5.

I

.

1 5

9

7

s
1

7.

9

58

.

. 30%

15%

411%

8%

11%

1 5%

1 00%

,

66

. 4

4

3

3

3

83

78%

5%

5%

4%

4%

4%

,

I

100%

4

N

Table 26: Preferred Lavatory Heights

N. 32 Inch 34 Inch
Distance to Body Hei ht Height

Equal to or 'But less 5.

Greater than tipan

77 in.

2

4.

6 .

8

1 0 6*

''

2 in

4

6

.8

1 0- .

12
1

6

.._

6'

2

l

2.6%

12%

22%

22%

7%

4%

-

..'

)

..,

6 22% .

2 7%

6 22%.

6 22%

3 1 2%. 0

1. 4%
.J

12s . 2 n - 3 - 12%
. . . .

Total 27 100% 27 .1 00% .).
.. Preferred 22 01% 4 19521'

a

Missinv aata: 1 .
11:7

41

P
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$ Ffgure 17: Apparatus for Testing Kitchen Counter Work Cenfers and-Lavatoryk

-a

A raryge 39t72"
;0-

yange
C44'grid 65( eit

mix center.

kitchen sink

AV

cooktop

v

4111

bathroom lavatory
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Fi ure 18: Mix enter Testin Procedu

Perpendicular Approach,
Open Front

Closed Front,
ParolleT Approa

J
.

4

a

A

9

Maximum Reach Be1ci4

Cpunter at Front of Shelf

9:

, Jk4

tk

v.

CoMto abl'e Rich
Coun) r atiag ,of Shelf:

9 6,
\

1

cr

%Al

#

Confortatfle Reach Above Maximum Reach Above' Maximum Reach in Sim-
-Counter at Front of Shelf Counter at Rear of Shelf ulated Corner Condition

4



Oven
. . f

Objecti ves

4 t. .. ) c
. Identify the optimal positioops and.doOrptypks Toe use of ovens by
people with disabilities..

- : \'

- Evaluate theOusefulness of clear access space next to and.in front.
of the oven for people who uselpheelchairs.

#

ipparatus

A simulated oven could be set up in-eight different configtra.tions of
height, door type and access space under a side counter, as shown in
Fig. 19. A 6 inch grid was marked on, the floor to determine space
clearance's necessary for seated users. Individuals sililulated cooking in
and cleaning ovens. In the first phase of testing, cooking in the dven
was simulated by transferring a light cake pan from a .counter top to,.
an oven rack and reversing the procedure for removing the pan. A
light pan was used in the first phase because we were interested in
individuals abilities to use various oven configurations not their.
abilities to lift weights. Cleaning the oven was simulated by.reaching
)pehind a line located 6 inches from the back of,the oven on the bottom
surface of the compartment. Success in All these tasks with one oven
configuration constituted a successful trial. A pull-out board was
available for userin transferring the pan in and out of the ovens .witb
side-hung doors. A chair was available for use if ambulant or semi-'
ambulant subjects preferred to sit down while using an oven.

Procedui'e

The oven configurations were assigned levels of difficulty. Subjects
tested the most difficult first. The first Oen tested was similar to
most conventional floor model ranges.--below counter level, drop-down
door and no open accesstarea at the side. The second oven tested was
again below counter level with nd'accets at the sidei but the door
could be side-hinged on either side. Successful performances in all
tasks in either the first or second oven Configurations precluded further
testing of additional oven types.,

41
a

Jrthe subjects were unsugcesiful in all tasks in both ovens, they were '
tested with a group of four ovens, and their preference was solicited
among those at which all tasks were successfully perfqrmed. The four
configurationsin.this 9roup were: conventional below counter oven
with drop-down door-and access at one stde, below counter.oven with side-
opening door and side access, an'above courger oven with a drop-down
door and no side access and an above counter oven with,a side-openiqg
door with noaccess at.the sideA

If, after. testing with the.first sig,ovens, the subject still was not .
able to smccessfully perform ill tasks, he or she then was teited with
the.last two49vens. Preferences were solicitpd if they were successful
with both. ,14.1e last two oven configurations were both above counter



Us
:

models,- 'One with a drop-doWn door and 'access at the sidt, the othlr witha side-dp:éning door And acces.s at the side:

After, Vie subjebk had perforAied all tasks succesSfully at a* particular
oven ot expressed their preference 'for- bne,..out of: a group, that ovenwas retesfed: Theiposition of' a wheelchair, or if"the subject wasseatedthe chair, was recorded. All ovens, either .above or below counter,'were attached.to a counter that was adjusted to the individual's "cam-.Tortablen hefght for the cooktop- work' center. j

7-1.During-the second phase of testing, a group' of five people, all of whomcould at least cOok with the conventional, below counter, sirop-down dooroven With no side access, returned to test three oven configurations'with a weighted pan. Subjects used the heayiest weight they could manageranging from-1 to 4 Rounds. The three ovenithe conventional floor,model With drop-down'door and no, side access, and two above counter models.with side" accessonewith'a drop-down door and one %iith a side-openingdoer, were heated with a-hair dryer to simulate the inherent hazards ofusing an oven.

Subjects

During the first phase of tesiing, 137 subjects were tested from all dis-:ability categories except those people with incoortlination and diffi-culties manipulating fingers and,difficultyel'wking-long distanc s. Elevenable-bodied people were also tested.. Durtrig the second phase, t é testgroup pf five people consisted ;of foUr wheelchair users and One emi--ambulant person, All the people in the second phase group were active home-makers who regularly used their home ovens.
*4F.indings

,The data for the first round of testing are- kesented in Table 27.. .
., Almost all subjects were able to ttansfer pans to anpl from the conven-..,. , tional floor model oven. 'However, it was apparent that the. abbve counter

, .

/. ()lien. configurations-were clearly eaiier to dean. The side opening door' .,\----, was easier for cleaning than the, drop-down'dobr. Open access next to'5 ---1 ' ' .
. the oven improved cleanability still further. For wheelchair- users, the. . .

.* abov'e couter, side-hinged door wits open access at the side. bias most ,- usable (cboking and cleaning). The drop-down door presented an obstacle ,
tb. cleaning fhe rearmost parts of the oven for 5ome whbelchait users,even if side access was provided. Althbugh 67 .perCent of' the wheelchair'users could cook and clean without the open space (side-htnged door), 6percent couldstOok and clean with it.

C- - . / . ,

-The droP-down 'door served as a, convenient restin-g place.for: trans-, : .. o,ferring pans/into and frcei the oven. Therefore, a pulldut board imedi-
. - ately belown above counter 'oven with a side-hinged.-door would be.',., desirable. -No one in the sample used the board provided, perhaps be-

4 d au se of Its'unfamiliarity, but they agreed. it would b.e helpful whenthe board was de\known to them. -
. , \,

;
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;
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In the second phase of testing, the s'ubjectt tested.the. 'Ore& oven
configurations. While all people.could, use/the conventional belOw,
.counter.oven with the drop-down door and no side access with thell6ht.'-
weight pan, odly two could use it with weigh.ted pans. The crucial' fa--
tors when using the weighted, pans are the. ability to get close to-the '

oven and the ability, to transfer the pan ,with a minimum of 1 ifti ng and
reaching. (laterally (Wending' the arms). Thus, the above counter ovens
with side access remained the most usable, oVens with virtually all .
people being able to'use them with weighted pans.

Reconmendations bi
Counter top oviens with an accessible space below.an adjacent tot.mter
should be reqiiired in housing for disabled people..:Ovens.not meeting
these requirements would be minithally acceptable if they were self7
Cleaning. 'Such ovens could be used easily by most people,to cook light
weight dishes.

Marginal Population

Few people woUld have difficulty using a self-cleaning oven installed
below a coAter, as long as only light viteight dishes were cooked.
People with reaching or lifting prOblentske..g:,,quadriplegics or,hemi-
plegicS 9. those with difficul ty. benditgpqqould.'not,be able to cook
heavy di'Shes in such an'oven. Ovensat counterheight, with side
access proOided, would be usable-r-by almost-all people., eiien, if they were
not self-Gleaning..
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Table 28 Oven Use with Weighted Pan

r

"I

User. Data .h

Wheelchair
Ambulant or
Semi '-Ambula nt

Phase 1 Phase 2

qven Usability With Oven Performak
Light Weight Pana Oyen No. 1 .fiven No. 8

X
1 .9, 5. 3

x.
1 9 9 3

X
1 3 3 -3

;

1 9 3
`

1 3 5 3

a.

aSeg Table 27

b9 = Unableiook
3 Able to dook

1

124
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r'

fi ure 19: 'Oven 1 i cations'

0.

No Access

ea+

,-Si de AcrCess

Below Cdunter,
Drop Door

a

:

Below; Counter,
Si de-Hinged
Door

0

rimi. Above.Counter,
Drop Dodr 6

15,

/ 4

11 4

AHEM= bove" Counter,
Side-Hinged
Door

+4
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Kitchen iLayouts
/

Obfectives
T

- Assess the feasibility of using minimum c10,rances
Propepty Standards in accessible kitchens.

%

- Determine the most suitable layouts for accessible

fr Apparatus

.4.

123*

from HUD's Minimum

kitchens..

Kitchen work centers were constructed with counter frontages as required
by the US Department of Housing and Urban Development's Minimum Property.
Standards. Frontages based on a'one bedroom apartment 'were used. Shelves
were provided above the sink and the mix center work station. The
work center units were designed as independent, movable unitsso that they
could-be combined in any desired order or layout. All/counter and
shelf heights were adjustable. The area under' couRters could be filled
in with low partitions, left open or provided with a movable low shelf. %

unit.

Procedure

Four kitchen l4youts were tested: 1) U-shape, 2) L-shape, 3) in-line and
4) corridon. finks and mix centers were left open underneath; a low
shelf unit s placed under one counter; all other under counter areas

"were closed. Layouts provided a space under or adjacent to every work
center. Space clearances between counters were 40 inches for the in-line
and corridor kitchen and 60 inches for the U-shape'kitchen. Oven were
mounted below the counters with side access and a side opening door.
Storage shelves.were mounted at a height of 48 inches from the floor.
All counters were set at 31 1/2 inches to the top surface and provided .

30 inch clearance to the underside. A.A tray was provided for carrying
materials.

Each -1.1bject completed a standardized sequence of tisks... The .0sks sim-
ulated, ;in a compressed time frame,.were all activities. in preati.nO a
meal and cleaning up. The set of tasks were designed to insure that
subjects would utilize every part of the kitchen layout'. Table 29-
gives the tasks 'and their sequence. As Thjects completed one task,
they were then told the +next, task until the complete activity sequence

t was compl eted. Two observers counted' the' number of bumps niade against
counters and appliances and the number of accidents (e.g. spilling,
dropping) at each layout. Total time required to coMplete the sequence
at each layout was recorde4 The order of testing the layputs was
varied with each subject. After testing all four,layouts, users were*
asked for their preferences regarding the layouts ,tested, counter heights
and storage options.

Subjects

Ten female disabled subjects, including seven wheelchair usek Who had
exhibited below-average abilitiesin.imaneuvering wheelchairs during the

n
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first phase of testing were tested. 'Kitchen olearances satisfactory for
use by these subjedts would also be satisfactory for.use by 411.other

'.._subjects. All theSe subjects were aCtive homemakers who.used kitchens
regularly and intensively. One fema3e able-bodied subjeCt was also tested.

I

'Findings

When usthg the more open arrangements, U and L-shape; subjects generally
h3d less bumps.or accidents than in the other, more compact kitchens. The
U and L-layouts were also the prefenred types. Times varied considerably
according to the individual's abilities to follow instructions and accom-
modate themselves to each layout. Efficiency in usingthe kitchen lay-
outs would undoubtedly improve with practtce:

Several problems and techniques in using kitchens were observed. One .

hemiplegic.wheelchair user had difficulties maneuvering the'chair while
transporting materials. Similar problems were encountered by obese
users who could not use their laps to support trays, etc.' Several of
these people used.the front edge of the counter much like i railing, pulling
themselves along.

1

Since we were intereste n observing possible conflicts in movement
, between wbrk stations, he instructIons'wereslesigned to elicit the
greatest number of trips between work stations. Subjects indicated that,
had it been their own routine, they would have condensed an,d combined
the tasks into fewer trips.

.1Subjects.favored all counters at the ame height rather than each work
center set at a different height and found it easier to reach below
counterS to storage areas than(above themkew In the testing with separate
kitchen work centers, it MS found.tha'c comfortable counter heights
were different for different stations. Thus,.preference for counter
heights at the same levelconflicts with comfort criteria. This prefer-
ence may be due to the convenience of sliding utensils ilong the counter
or to an aesthetic concern,

Recommendations
4

%

HUD minimum clearances are usable but clearances in accessible kitchens
Should be increased for convenience and maintainability, particularly in
in-line and corridor layouts. When making up the loss.of Storage
cabinets due to'required under-counter Clearances, the use of full
height storage units or under counter units (perhaps on wheels) is
preferred, The U and L-shaped layouts are preferred for accessible housing.

Those wheelehair users who have difficulties m ouvering will have

Marginal Population
.

'slight problems using in-line and corridor arrangements. Those that
are obese and have difficulty lifting would find L and U-shaped arran9e-
.ments more convenient since objects can -be slid along counters.

.

4.
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Table 29: Kifthen j.ayout Actfvities.

a

41. 125

I.

^

Tisls,No.. Task Description

1 Get celery from refrigerator, take to sink and wash celery..

,

5

6

7

Take celery to 'mix center.

Go to refrigerator, take meat and egg to mix center.

Get water from sink, bring back to mix center.

Reach aboVe for bowl and other ingredientL

Reach below for the loaf pan take to mix center.

Go to stove; ged spices from back, bring to mix center'.

8 Take prepared meatloaf and place in oven.

9

10

,

St

Get two Oshes from above and silverware from drawer, take tokitc* table m d .set table.
'

.

Go to. oven,take.out neatloaf using potholder and brfng. totyle. I '

4ake tWo dishes and silverware to sink.

' Take meatikpa to re igerator.

41..
. . I

. ;
.7 '4 i

f
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Table 30: Use of Four'Kitchen LaYouts

.

User fitchen Shape liyout .

1. U-Shape_ 2. L-Shspe 3. Corridor 4. In-Line

X 2:40 0 3:10 2 2:40 1 3:40 1 X X 4

X 5:35 4 5:45 2 7:40 15 4:55 13 X X 1 4

X 5:40 4 5:45 5 6:55 6 5:20 2 X X ,, 4

X 3:50 3 5:45 0 4:20 2 41,10 4 X X 1 3

X 5:15 4 8:17 3 825 2 "7:00 2 X . X 1 3

X 5:25 2. 4:42 .2 6:30' 5 7:30 11 X X. 1,2 3,4

X t:05 1 3:03-.. 0 3:00 0 X NP* NP* 2 4

X 2:40 0 2:10 0 4:02 1

.3:05

3:27

.2

.11 X X i 3

X 2:48 0 2:27 0 2:14 "-.1 2:14 0 X NP* Np* 1 2
'N

X 8:35 0 4:30 0 3:45 0 10:45 0 X X 4 1

*No preference.

Table 31: Layout Testing
Sequence

4.

U:Shape 1 2 3 4

L-Shape 2, 3 4 1

Corridor 3 4 1 2

In-Line 4 1 2, '3

*
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Table 32: Kitchen Layout Subject Data

4

,5Disability Level A e

A.(

Transfers. Aegotiates,ramps &'
performs household tasks without
help

Maneuvers wheelchair well; needs
help with tranSfers, ramps
some.household tasks

Maneuvers on level surfaces with
shortness ofbreath

Maneuvers on level surfaces.with-
out shortness of breath

Maneuvers on level surfaces with-
tut shortness of bre4th

Manages shallow inclines without
shortness of breath

,Difficulty bending to reach
lower than 1 ft from floor

HIS exceptional maneuvering
abilities

. 4

Uses alkiis aid; unable to
manage_Itairs & ramps without
difficifty

Able-bodied

ot
CV

o
+1

0
4I

at
VI
o
4-0

o
(5) '

o
Sr
Oel
o
.4t

v

a+
ICI

0
410

0
IP

tlf
CO

0
4-0

o
%0

01r.
0
4-0

at

b
.

-0C

0
02

Cooking
Frequency

dt;
+.)

60 110 X x

65 250 X

61 4 115

64 155

66 175
X

65' 135
X X

63 175

65, 124
X

,64' 120 -x.

65 165 X X

I.

$.

130
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4i

Fi gure 20: Ki tchen Layouti Tested

REF.

TABLE

-t
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Figure 21: K4chen Layouts Teste4
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Figure 22: Kitchen Layout Testing Procedures

Reaching at Mix Center in L-Shape
Layout

.1

00,

Placing Pan in BelOw-CounterpOven
with Side-Hinged Door

Washing Pan at Sink.

a

0101111111.

i

1112

Transferring Pan from Mix.
Center to Refrigetor

1 33

(t
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Doorways .

Objectives.

Determine the minimum conven
- Determine the minimum cleara
'xis types of approaches.

- Evaluate'the impact of door
manage hinged doors.

V-14

133

I

ent cleir width for hinged doors.

ces required in front of .doors for vad--

c osers and thresholds on the ability to

Apparatus'
.

.0.

1

Two doorways with hinged, hollow core interior doors Were constructed,-
one with a' 30 inch and the other with a 32 inch clear'opening. Both
had lever shaped door openers. olid,moving walls were constructeethat
could be positioned parallel to oons and fixed, by.14ans of sprinT :
activated door stops, to provide any desired clearance in front of' the
dborways. A 6 inch grid was malted on the floor for measuring the clear-
ance between wall and .door fraille nd the space used by subjects beyond',
the latch-side of a door. In a s ond phaSe of testin6, three door*
closers were installed in the 32 tinch clear door: The closers were aa-..

justed to 5 lbf. for opening. ,'
,

ProCedure

,

A subject tested doors using his least favored hand in.three opening -,- .;approaCh patterns: 1) direct forward, 2) from the. latch side and 3)
frail the hinge side. Thus, in the hinge side.approach.Pattern;

the '. ..,
right handed subjects tested a door, hinged on the left ide approa-cfring
the door with their worse side (left) neatest 'the db . The Subject , ;had to reach across their body with`their,right han in-order-to open -the ,-
door or use their non-favored hand. Ali doors opened outward,,toward The-.

e.subjec; and into the corridor- , ,
4,

. r
,1

Several trials of each approach pattern were run to-.determine minimal
, . Asize door and corridor width possible for each persen,t,: In the approaches

other than direct forward, the corridor'width was imitialiy set. at 5
feet. The movable corridor wall was.then'ad4usted Othin Cinches of the space.required. In the hinge side apprOach-4 two observerS were used-'7one to
cheCk corridor width and one to check the spate needed at the latch sid0.7,-

,

Only wheelchair users participated in the 'trials Using..door closers..
11 closers were attached to the door with the 32 inch clear opening and
ubjects passed through using only the direct forward approach pattern.

4In a final round of testing, wheelchai
opening door width when fitted with a
All three approach patterns were teste

A .

,Subjects r

* '
r users tested the 32 inch clear
3/8 inch square edge threshold. -4't
d. a

I

n. In phase one, wheelchair users, wa3king aid users, walking aid'users with
low stamina, and,able-bodied people were fested. A total of 78 subijects

136
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4.

I

..with dilabilities Were tested, including 54

*
.is not reported here%.
'wheelchair users 'With e(!0ional' abilitjes

. . x .
, '

1
;.

,..

During the second phOe of te'sting, eleven Wheelchair, users returned'
to tes* the.door closers. Aost'of these people. had either difficulty

, maneuverfng and/or 'samina problems.. Six of thge people returned to
st the do<OlUtfitted :with a threshold. :*

,N
, 4.. .

I),41

_ -

wheelchair Users. Four

were also tested but data
A

9

.

, Findino!

Only fov, cif tNe.-54 :wheelchair users, in' the- first phase, could not
manage* thedoort.44.'with the 310 inarclear width, using-a direct ftont

ti approach. Th'esenialr, individuals were, not able-tb use .thel,32 inch
.4, Clear width 46Or either, 'Three of these people. were quadrIplegfCs

and ohe cametole testtng site with 'a maIfUrIctioning, one-arM
wheelchair, tti the two OtherlpproiChes, latch. side and hinge..slde.,

ip the same foUee-*Individu#15. were the. only subjects _who. could, not use the
.30 inch. clear 'Width - PA44011

4
Tgre 13 shows .the cléaWceS needed ;at 'the tat side of the°doOr with
the direct forward approach: Many :of the subj ts who needed overe24
inches .at the latch 'side, had either. ditficulty .maneu'Vering thelr
'heelchairs or difficulty. leaning forwaed'And lo,ASsume a position
almost 'parallerto' thpgdoor wall: Table 33 shbWs that a 12. Inch clear;
ance at the, latch side '4as unsatisactorY to oVer half of est

. 'sample, while a 24 inCh clearance at the latch side wai tisfactoi;y"to
approximtely BO potent of the test sample.

.

)V 4e .
. .

The data for the. latch side Approach, shOwn in Table-34 shows that 63
pertent thwpst sample ,coulcO'neot,iate the 30 inch doorway with a corridor
mot less than 42 indfiet, Increasing the corridor width to 48 inches would *,

accoMmOdate 87 percent of the sample, Generally, subjects who needed Wider
corridbr-widths also needed.wider,spaces at the litch side.
heelchair users who. were' hemiplegics, qua6aplegicS or had 1**a-

...ions .of. stamina needed lar*.corrider widths andlatch side clearancei
than others. to' manage the. doOrwieys

.

Coril4 Wom the' side, approximately' two-tillvIds'of the subjects
(65 percent) e neccied. moll/than 24 inches cleardnce at the latch side.'

. .

An additiobaLl2 ,..inClits at the latch sidei Qr 36 inches total clearance,.
'accommodated-78:percent,of the subjects.--Vist:',ITY all4subjects would

1.: biaccomMOdatedwith e.48*inch- clearance at. th Tateh side. A 60 inch
.., wide corr)00r4bUldliccommodate 92'percent of the subjedts. A 6 .inch

reduction in Wldth'to,54 inches would redUce .the number of hubjects
Ole' to negotiatecthe maneuver to:66' percent of. the' total wheelchair
saml5le. All walking aid users weresable comRlete. the task with a

AcIreidor width of -4B inches _or less and an '18 -inch wide space at. the
letch side .of. the'4001

In the' second phase o esting, two-thirds' of the subjects couid mego-
liatethe three second ,spr'ing c1oser41me as 'shown-in Table 36. Those-

9

.%

k.

41'

*

4

a.

al.

*
.

11

Sap,.

d
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I.

. . ; ee .

people who could not manage the door with the spring type closer allhad severe disabilities restricting strength end arm movement-. - In-,creased times helped sully one tester who satisfactorily corppleted. the tasks with the closer set\at 11 seconds. All users could use thei . .. . manual devices and frfe-Nopen.ing deprs; a majority preferred the, horizontal bar.

In the final phase of. testing, the three approach patterns were testedwith a; threshold in place. All 'six subjects needed at least as muchspace as needed in their former trials without the threshold. In the.'direct for.werd approach, the latch side clearance in most cases. was not;increased. In the two other appsoaches,, the clearandes generally in-Creased 6 inches-at either.the Tirk h side and/or the cin4rid9r width.The principle ptoblem Ire was that when subjects approached the thres.h-.

old at an angle, their movement was impeded abrubtly. The subjects hadto realign themselveg to pass through the door at a right:angle to:the threshold.

RecOminehdations
(1

Clearances in*front and itat the latch sides-of doors should be basedon ;he approach pattern and d4ection cif door swing. Where doorsswing out into the direction of trave.1,...toward the user, wider conri-, -dors and larger spaces at the 'latch sidishould be provided asfollows: 1) direct forward approach--24, inches at the latch side,60 inch clearance in front of the. door; 2) latch side apprqach-i48inch corridor width (latch side clearance not applitat1/410); and 3)hinge side approach--42 inches at the latch side, 60 tnch corridor
1 width.

Where doonsAswing away from the user., narrower corrictors can be used..With this door conditton, space requirements can be based on L-turns.Approatches from the hinge side and latch side each require a corridorwidth of42 inches and .no space at the 'latch side (for further infor-mation, see Wheelchair Maneuyering). With the direct forward approach,a .12 inch clearance at the latch side is preferred with a space 60inches deep in front.of the door.Cloy

hresholcIs are not recbmmended At intecior doorivays.- Even in exterior-locations they should not exceed a 1/2 an inch in height and the ed
shoerld be-beveled. Do'on closers are not recommended in interior' 1tions but 'an assist such as the orizontal -bar,is desirable.

Marginal, Population
,

The wheelchair users who'r4ired more than the recommended Corridorwidths or latch side clearances to Rass through a 32 inch cipor openingwere mainly those people with three, or four limbs affectedepne side oftheir btdy affected and those who have difficulty bending'anq turning.

S. e

13R
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Table' 33: Clearance Required for Direct
Forward kpproach cpercentages
in parentheses).,_ .0 44.

' No. of Successful
Clearance at liotch Side Subjects

Equal to or
Greater than

7

13

19

25

31

37

43

49

No performance/
Missing data,

But less
than

6

,12,

18

24

30

36

.1012

413

Total

t

in 16 . (30)

7 I (13)

,

9 '(17)

6 (11)

N Vg., (11)

4 (7)

1 12)

0

..19)

54 (100)

A

Table 34: Clearance Reguired for Latch.
Side' Approach (percentages in
parentheses) '4--

.

Corridor Width -

No. of Successful
Subjects .

Equal to or
preater than.

. 42

48

54

60

No performance/
Missing data

But less

than

36 in

42

48

54

60

4.

. 12

21

13

4

3

1

54

.123)

40)

(24)

(6)

(5)

(100)TOtal



Table '35: Clearances Required in Hinse Side Approach
(percentages in parentheses)

,

Corridor Width
No. of Successful Clearance at
Subjects Latch Side

No. of -Successful
Subjects

Equal to or But less
Geeater than than ,Equal to or But less

Greater than than ,
- \_*

36 5 (11) 6 9
36 42 7 (12) 7 12

,
2

42 4a 8 -e' , (15) 1.3 18 3
48 54 15 (28)

.

19 24 4
54 60 14 (26) 25 30 5... ,

60 0 31 36 18c.,

No performance/
37 42 5Missing 4ta

. (8)
43 48 .2

1

No performance/
,Missing data

Total 54 (100) it" 54

1,1
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Table 36: Use of Three Door Closing D6ices

.

A. Spring Loaded Closer B. Manual Closers
^

Vertical Handle Horizontal Handle
3 Sec. 5 Sec. 11 Sec. on Hinged Side Across Door Width

Number of Subjects

'Successful

Unsuccessful

11 (100%) 4 (100%) 4 (100%) 11 (100%) 11 (100%)-

7 (64%) 0 1 (254 .11 (100%) 11 (.100i)

4. (36%) 4 (100%) 3 (75%) 0 0

Preferences: spring loaded closer - 8 subjects
manual closer - 3 subjects

a

4 ;I

41 (1,
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'Figure 23: Plan of 'Doorway Apparatus
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Figure 24: aorway Testing Procedures
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Elevator

ilbjectives

- Determine the minimum size elevator required for wheelchair users.,
- Determine the best location and height ljmits for control. panels.
- Determine the timing of elevator doors ahd car arrival lights.

Apparatus

A simullated elevator car with'center-opening doors was constructed with.
an adjustable depth and two alternative widths on,one side. A 36 inch
clear entry width was provided at the door. . Grids with markings of 2
inch squares were applied on one front wall of the door and on one side
wall of the car to simulate control panels. A line,of the floor marked
the minimum width of the car. A distance of 18 feet (maximum distance
to a call button) was plotted in a straight line starting at the center-
line of the entry and parallel te the. front wall of the 'car. t A light
mounted above the entry was used to signal the arrival of the elevator.
The movable walls and extra large width dimension allowed us to test
two cab sizes: 4 feet, 3 inches by 6 feet; 8 inches and 4 feet,,9
inches by 6 feet, 8 inches.

Proeedure,

Subjects were'positioned behind the line designating the call button.
At the signal of the light, the subject traveled to the elevator and
entered the car. Their elapsed time qom the'signal to the first
penetration of the door plane was recorded (a door reopening device
would hold the door open). sWith the movable walls adjusted to the
smaller cab size, subjects entered the car and maneuvered to a position .

for reaching the control panels. The subjects were given twq(chanoes
tp maneuver without hitting the walls or crossing the narrow'width
line*(5 feet, 8 inches). If the subject was'unsucCessful, the rear
wall was moved back to the larger car depth'and the.subject tried once
'more. This time the.subject was allowed to cross the narrowmidth line.
If the subject was still unsuccessful the wall was moved all the way
back and the neceSsary car depth was recorded.

Once positiOned in front of the control panels, the subjects reached to
the high4t squares to the left and right of each panel. If the sub-
ject had entered the cab frontwards, he or she repeated the entire
procedUre but this time,entereci the car backwards. I

Subjects

Wheelchair Users, people with walking aids, and people with balance'
problems, as well as able-bodied pe9ple tested the elevator. The 55
wheelchair users represented.all disability levels, including four
with exceptionally good abilities.

LIG
t.

t



tindings

All _the subjects were able to use a 4 foot, 3 inchlby 5 foot, 8 inch car
size' (common smallest size for 2,000 pound capacity elevitor). Table 37
shOWs the numter of subjects who traveled at various speeds. Approxi-.
mately 40 percent of both the wheelchair user 7oup and the walking aid
user group required more than 12 seconds to travel the distance of 18
feet (1.5'ft/s).

If

I
4 *

Table 38 shows the areas reached by all subjects on the front and side
control panel locations. At the front panel, nine people could not reach
to p4 inches on at least one side of the panel six of these were wheel-
chair users. At the left si,de of the front panel, five (three wheelchair
users) of these people reached to at least 48 in and four (three wheelchair users)
reached below 48 inches. At the right side of the front panel, three of these
people (two wheelhair users) reached to at least 48 inches, while six
(4.wheelchair users) could not reach to 48 inches.

At the side panel, eleven people could not reach to 54 inches on at
.

least one side. At the left side of this paneli three (two wheelchair
users) reached to at least 48 inches, but eight (five wheelchair, users)
could not reidh to AB inches. At the right side of the panel, four sub-
jects (three in wheelchairs) reached to at least 48 inches and seven
(fbur wheelchair users) below 48 inchei.

1 '

Reqoadendations ,

i

1

"El vator car sizes should be a minimum size of 4 feet, 3 inches by 5 feet,
8 nches to allow wheetphair users to maneuver and function when inside
th car.. Doors should have minimum clear openings of 32 inches. Auto-

ic reopening devices should not require direct contact with the
evator user and should be located to be activated by wheelchair users'

f otrests. Control panels should have highest buttons 48 inches from .

f am the floor (this may .be impossible where such placement of long
lanels would put the lowest buttons below the.comfortable reach of ambu,-
int users). Control panels should be mounted on the front wall adjacent
o the entry. Where the.possibility 4pf transP9rting stretcher-bound

.Users exists, elevators and entry configUrattons should be larger.e

y

e f

/ Marginal Population
. .

People with rates of travel lest than 1.5 fb/s were primarily people with
limitations of stamina and yitleelchair .users wilh three or:four limb's affected.

/ People wtio had difficulty reaching AD 54 in were wheelchair users,with three ,

or four limbs .affected or ambulant disabled people With ctiminic conditions'
i producing limitations of reach. 'Many of these people however, could use
/ aids such as pointers, extenders, etc. tO activate call and floor buttons-
/ located beyond their 'rahges of motion.



Table 37: Time to Enter Elevator (percentages in parentheses)

Time to Rate of No. of Wheelchair No. of Wal king
Enter Cab (in seconds) Speed . Users Aid Userk

Eqqal to or. .But less
Greater than than

6

7 12

at least 3 ft/sec 2

at least 1.5 ft/sec. 32

13 18 at least 1 ft/sec 11
(--

19 24
,

at least .75 ft/sec 3
,

.
25 30 at least .6 ft/set...\ 3

i .,.

31
-if

z/ 36 r, ', at least .5 ft/sec 1

.
37 a' .'Iss than .5 ft/sec 2

Missing data ., Lt

Total . , 55
-..

-\ \

(4),, . 0

(59) 10a (12)

(20) 1 (7)

(5) 1 (.7)

(5) 2 \(14)

(2) 0 . k

1

(4) .0

0

(100) ;14

a
Four of these peopl e fiati exceptional', abil ities.
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Table 38: Reachitig\to Elevator Control 14:nel in inches)

T

Front Panel

Left Right

MaximumIleig

Equal to or
Greater than

ht Reached Side Panel

But' less
than

Left Ri ht

19 49 68 19 49 54 1 18 .48 6-6-, .18

2 3 5 2 3 54 1 2 .3 1

1 3 4 2 4 4 6 48 3 5 8 3

22 55
77a

22 55 77a \Total 22P° 55 77a 22,.

4)

01

48 66

.,3

4 y

§5

aDoes .not include abl-bodied subject' group.
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Figure 25: Plan Of Elevapr Apparatus
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ObjellOves

s

4.

- Validate a preViotit study ttat;',etal)141-4.e
as.-- ifOitn'.height tb tele

phone coin
ry 'or tetephonii,bOoth,sEvaluate the f

use.whettc hairs. .

." `s: ,
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151 .

the -fir; hise,.of research, a..standard-co,in telephone was moUfited on ,

." way,that alloWed the telephone to Op moved up,,and ddwn
s1DqbtOY--,...the ,spate around, the telephone wasAree'of obstacles, In
..tfie.,Second :Oha'te,,,a telephone booth manufactured by AT&T. Was tested.

, :rtier:Vooth had a 'clear opening of '30, inches', .no doors and a.coin tel-ephone ,

m6i.int0..in the ridht rear Torner, facing dtagonally across the bdoth.-,
he -eoin .Slot of tithe telephone w,as fbsed at 54 inches. Lines were(*Iced at a 48 .inch' heig,ht .on .the teleptione and at F4 inches and 48

inciles on the, side malls Of the'booth. I

I

i.);

.

.1

50 V .
o ..

A 0 i', 1 w'
6 .

;IA. ihe first phase the height of the'coin slot ,waS;,set at .54 inches ftiom .
.

the flodr: . Subjects' approached the telephone in anyway they desired.
They reached for, the Coin slot anii, ,if necessary, the telephone was "

....yower'ed. awl they iOuld reach' the coin slot,comfortablt In the second'IAA, subjecti, attempted to insert a dime:into the coi slot an,d alsoreath4,to the Markings onythe telephpne and booth stdes. ,
4 P

7

dr : V al V I I U .s k . g
..

the 'f,irst phase, of. the 118 subjepts; 61 mere wheelchair users, 18'wereel,king-aid° users; 28 were people' with handling, grasping and:.
reethinl,difficul ties,. anti 11'were a/fie-bodied peOPle. In, the second

.pherke.,:, all 1.,sUbjects ,w0.6 whee'lchair.users Whehad difficulty reaching
( QT:;liending Or helflowstamina.(8 ,in &W..

,. ,.. .
. '

.

v

I

.

'1 " ":491:1..i1110 ' , . '
;4° ,, . 7

s .4 ,
0.I.n Atie:first testing ;phase, only five people could not reachithe coih.

....,: *lctrionifOrtably at '54 inchesc those five, people could noCreach the
...,..: ..,coi 'tlot canfori,atly at 48 inhes "either.., Many..wheelchair,,Lisers .

'!..441,1.;iied a side a,pproach which rinoUld not be.possible in the. tandard
..,:letei5hond,enticure. In thi.secorid phase, a standard tetephd:ne en-.
i,,,.10.ture iyas obtained': 314;. Yive people Who bad not teachedg the' coin slOt
:00ffirtablY at 54 Inchis`.4turned to itesethe telerohone mounted 'in the
ertlo.surtr. Ln addilion; three other wheelchair 'users'4 were tested., -Two of -,Alle first fisepeo:ple could not.insert the coin at, the 54 inch height' .. 4
with eith,erhahd, using..elther'the frontal'aporoah or back-fn approach. . '"

. ..:...,. 'One of then coulthreach to the 54 'inch. hetht but was 'unable to insert /
the co,in,Itaithopt 'especially...4)mile holding rdevicwe whichhe pad not , :Yi,drottght to the'labOratory, The'other sUb'ject,,could not r'each above 48 i ,: ' .,
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I Informal Observations ind cated that heavy outer clothing may signifi-
7 cantly. limit reaching abilities for people with limited movement of

arms; Thus, the 54 inch h light may be difficult to reach in winter
wher outdoor installations are found in cold weather climates.

RecommendStions

The height of 54 indhes to the coin slOt wat validated as an acceptable

mounting height-for public telephones. . A mounting location and space
,

clearahces that allow a side approach are preferred. Telephone enclos-

-' ures with diagonally-mounted telephones are acceptable if clearances
allow entry: of a wheelchair.

152

f,

at

inches, except lat the right sidg of the booth where she could reach to

54 inChes. Ih order for her to be close enough to'use the 54 inch slot,
it was necessqy for% her to travel over a 1/4 inch high metal plate that
served as a temporary structural support, fot' the telephone enClosure.
(The metil 'plate would not be present inia permanent ,installation.) This

Andividal came to the laboratory in a renteq- chair that was difficult
for her to operate. The five other wheelchair users could use the 54
inch slot with the telephone mounted diagonally in the corner.

-^of

. Marginal Population'
I

-"' Some Wheelchair users with difficulty reaching will find telephones with
coin slots located at 54 inches difficlilt but not usually impossible to

Use, A few people who also have difficultY maintaining balance while
reaching forward may find the diagonally-mounted telephone in an enclosure

, with the coin slot at 54 inches impossible to use..
1 V 'L.
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Table .39: Telephone closure Findings by Subject

It

Description
of Subject

Right Corner (in inchesh). Right Side (in inches) Left Side (tn inches) Left Corner (in.ifiches)

Right, Left
Hand" Hand

Back-In

either Hand
Right Left
Hand Nand

Back-In ,Right Left Back-In Right Left Back-In
Either Hand Hand Hand Either Ha-M Han& Hand .Either Hand

Leff Side Worse

Right Side Worse

Right .Side Worse

Bo6 Sides Sole

Right Side Worse

Left Side Worse

Left Side Worse

Left,Side Worse

54

' NP

NP

54

NP

54

54

54

48

54

5 4

NP

.48

48

48

54

54-

.54

NP

NP

0
NP

54

54

41

54 64

48 64

N? 48

,54 ,54

NP 4 48

'54 441

54 t NP

54 54

54

54

48

54

54 -

54

,

54

54

54

54

. 0.

NP

54

NP

54

54

54

54

54

54

54

48

54

54

54

54

54

48
,

54

54

54

54

54

54.

NP

NP

54

NP.

54

54

54

54 54
,

54 54

h 2 48

54 NP

48 54,

..54 54

54 4 54

.54 . NP

8

r
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Table 40: Sun_imar of Findin s for Pi_ 11,L22TOhoe Enclosures

Users .A roach

)4 Phone Location and Slot Height (Maximum Operable Coin Height):

Right Omer. . Right Side Left Corner Left Side

i . 54 in. NP 48 in. 54 in. NP 48 in. 54 n. NP 48 'in. 54 in.- NP

Forherd: at
least one hand 1

Back: at least
one hand

Total

,2

4 3 1 7

8 8

6 0 1 7 0

1 5 2 1 0

8
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Mailbox

Objective

Evaluate the usability of standard US4Postal.Semice mailboxes.2

Apparlatus

A standard US Postal Service mailbox was installed in our laboratory.
An 11 inch letter and a package 9 inches ,by 12 inches and weighing 1
pound were ,prepared for use in the experiment.

Procidure

Users demonstrated mailing the lettes and the package. Spatial require-
ments and problems were recorded notfng the space required for use in
front of or at the side of a standard, floor mounted postal service mail-
box.

T Subject§

People with handling, grasping and reaching difficulties'as well as
it people using wheelchairs or walking aids and able-bodied people v;fere

included in the test sample.. A total of 104 disabled subjects were
tested.

Eindingsr .

Wheelchair users and people with handling and fingering difficulties had
problems holding the 'door open while lifting the package with one hand
(see Table 41).

'Recommendations

Dispensers and receptacles should allow operation with only one hand.

Marg ina 10 Population

Severely disabled quadraplegics, and people with severe difficulty'in

manipulati:On of fingers may have problems Using:receptacles and diSp
pensers requiring one-hand operation. These people, plus hemiplegics
and.people with moderate manipulation difficulties may not be able to
use dispensers or'receptacles reOiring two-hand operation.

1/4

4
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Tabl e : Ma ilbox Use

t.

4

Wheelchair Users
a

Ambulant Users
b

Uses Space in Uses Space at Unable to Unable to
Front of Box Side of Box Mail Letter Mail Package Total

53

NA

3

NA

.4 4 '56

0 38

a
0oeot inelude wheelchair users with exceptional ly good abilities.

bDoes
not include able-bodied ambulant and walking aid users with exceptionally goodabilibies.

./
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CoMparison with Previous Research

The findings in this research study can be \compared to the findings of
several other human factors research , studies focusing on'accessi-
biTity and usability of the environment by people with. disabilities. :

1., Anthropometrics

Floyd, et al. studied anthropometrics of paraplegtcs; they foUnd that
comfortable vertical side _reach in their sample ranged from 59 to 68"
inches. Our findings were a range from less than 36 inches to abut
72 inches (only two people less than 48 inches) for a similar task,
-Floyd,. et' al. also found that forward vertical reach ranged from 42 to
66 inches. McCullough and Farnham studied reach of wheelchair users to
the back of upper Shelves in a task similar to the reaching task ours
subjects c,ompleted at. the mix center testing station. Their findings,
for shelves over an open 'counter, were a range of 43 to 56 inches. They
did not report how heavy the weights used in their reaching task were.
Our findings ranged from 44-to 68 inches (only one person above 60 inches
with a 2 pound weight). Ourfindings and.those of Floyd,.et al., are
different at ,both extremes; Thi is probably due to the differences in
selection of samples and proced res. About 30 percent of Floyd, et al's.
sample were athletes. All of eir sUbjeCts were paraplegics who had
spinal cord injuries and who had had or were undergoing.rehabilitation
training. Our sample included many wheelchair users with reaching 'limi-
tations (i.e. with loss of arm functiog arid little or no rehabilitation
training. However, it also included athletes who were very agile.
The'findings on vertical forward reach from all three studies were very
close except for the upper range for the McChl lough and Farnham results.
Their sample was all female, which would explain that difference.

I --:.
.

-2.. Wheelchair Maneuvering
,

Several researchers have studied turrfing a wheelchair within confined
spaces. Recommendations from those studtes ond our own are shown in
Table 42 and Table 43. The differences 14 fie-clings for the.180 degree
-turn can be explained by the variety of methods use'd by the different

, researchers and how recommendations were abstracted from data.
Brattgard had his subjects make two 90 degree turns in an open space.
Backing and pivoting- were allowed. Such a turn requires less space than
a smooth U-turn. lioreover, lack of surrounding partitions reduces the
need for tolerances and allowanCes for judgment. McCullough and Farnham
utilized movable partitions; they did not report the type of turn used.
Their findings in Table 42 are for the largest dimensions riquired by a
merrber of their sample rather than minimum recommendations. The largest
Space requii,ed by a memOer of our sample was larger than the McCullough
findings,but our reconOendations were derived by eliminating several in-
dividuals who could dOiaNK-type turri wtthin the space that most other 4
people could do the U4urn. The larger space requirements found by
Walter, who used fixed' partitions as we did can be attributed to': 1)
the fact that his sample included electric and assistant-propelled chairs, ,

wHch had much greater space requirements than those people in his sample
tt

1
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using mahual chairs independently (new electric chairs can make this
.fmaneuveri in less space than people usingmanual chairs); and12) the
fact th t he analyzed depth and.wilith of ,turning area independently,
.which d es not consider the relationship of length to depth of space.
Nedreb s methods are not,reported.

The recommendations for' L-turns are more consistent, With the main dif-
fererce being our finding that both arms'.of the L can be the same,- if
the tarting arm is sufficiently large. In our study, we never used a
sta ting arm that was narrower thon 3§, inches (91 Cm). It appears that

°Wal er and Brattgard reduced the Itarting arm to a much smaller width.
Ne rebo's methods are not reported. Thus, the various findings taken
to/gether, suggest that with a wider<starting arm (36 inches is needed
far passage in a straight corridor by crutch users) he end arm Can. be
reduced in 'width..

3. Counter Heights

McCullough and Farnham tested preferred counter heights of wheelchair
users. Although they only used one trial for comfortable height, they
also found that wheelchair users often preferred counter heights as
close to lap level at possible and often below arm rest height. They
founa, as we did, that preferred sink heights were higher than mix
center heights. Their range of findings ,was similar to ours.

-4

4. Doorway Maneuvering.

Several researchers have studied maneuvering through doorways by %heel-
chair users.' Their recommendations, together with our, own, are presented
in Table 44. Brattgard's research on door maneuvering utilized people .

with reduced arm function but the 'sample size was only §ix, and four out
of the six used wheelchairs with the large propelling wheels in the
froat. Those two that had rear propelling wheels, as did all the sub7
Jeffs in our research, required consistently larger spaces. The fact
that four out of the six subjects had the- advantage of the front pro-
pelling wheels would account for Brattgard's smaller recommendations.
arattgard reports that _Owulsbrth's sample used only onetperson who pro-
pelled their chair mantiffy with no assistance (Brattgard, 1974). The
performance of electric wheelchair users and attendant-assisted pushers
in Walter's study was betthrLthan that of people propelling themselves
at doorways; unlike' his findings for the 180 degree turn experiments,.
Wa)ter's findings are tiuite different than ours far the direct frontal
apAroach. Walter placed screens at both sides of the door perpendicular
to \the wall. He does not report hag those screens were moved during ,the
tes ing procedures. We did not use screens in this approach and thus,
sub ects were able to use more space close to the door at the latch side.
Wal r reports data for only 31 of the total sample of 40 independent
whee chair users; perhaps .mafty subjedts could not negotiate with the
scre ns in place.. Our findings show that over halflf .our sample of
wheal hair users used more than the latch side space recommended by
Walte Our findfings on this approach are close to those of Nedrebo,
as reported by Brattgard.

'
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or doorways' Opening out while approaching from the latch side, our
recommendations are 4 cm smaller than Walter's. This difference

'

., be attributed to the fact that Walter determined his recoMMendation
thOough an arbitrary-statistical procedure. Actually, ohly Ihree of
his ubjeets required moreithan 47'inches-of corridor width in.this
maneuver. We had a number of people (11 percent of 'the-wheelchair users)
who required more space than 48 inches, however, we judged that 48.
inches was a reasonable minimum. For turning into doorways that open
but, away from the user, Malter Tsives recommendations for corridor .

width 10 cm more than ours. We did not test this maneuver tut.laaSed
on our L-turn data. Walter aggregates data on one graph for four man-
euvers-- from both the left and right, for both latch side and hinge
side approach. For all of these approaches,.Only 8 out of 137 or 5
percent of ihe trials, required a greater space than our recommended
mirOmum5 and, since the data are aggregated, there is no way to tell
whiCk of those78 trials were for the indiVidual maneuvers. It should
be notpd that the clear doorway width used in the various studies was
,différent. The clear doorway width is inversely related to corridor
clearance as shown by our research on L-turns.

5. Ramps

. Walter's findiOs.for ramps are similar to ours. Both studies found a,
1:16 slope for 20 feet to be accessible to at least 95 percent of the
wheelchair users. Elmer (1957) found that a 1:8'ramp slope was maximum
Jot- wheelchair users. However, his sample was taken from wheelchair
users at a pione'ering rehabilitation-education center and the findings
probably reflect the h4gh standard of excellence in rehabilitation
-training that the subjects received as part of their program. Both
Walter's and our sample included large proportions of older people and
many with reduced arm function and low stamina. The Elmer sample was
much younger in age:

6. Public Telephones

The American Telephone and Telegraph Company, ip a study.on the height
'of cotn telephones found that,54.inches to the co,in slot was usable by
all but alfew wheelchair users.. Our findings are consisIent with thos.e
regults-.

Further Research Needs

.e..

,
This research, as well as the Other studies above, was limited to the
study of behavior in simulated rather than actual buildings. The simi--
larity of activities performed in the laboratory and the.closeness to
which laboratory conditions matched actual conditions allows a great de-

il

gree of generalizabil tp actual buildings. However, there are con
th

-
_dftions'in e "real wi le that cannot be adequately siMulated in the
laboratory. First, ind vidual performance will vary contiderably due to
changes in health status and morale. In the laboratory, betiavior cannot
be studied over time, day ip and dag out -- when beople feel good and
when they feel bad. Moreover, the design features of buildings eannot

1 63
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s.

be sigulated in all their var'iety and 9omplexity. Certainly, additional
research with small samples in existing buildings is needed to bring our
knowledge about accessibil,ty to a finer level of detail than that pro,-
vided by laboratory studies. The lack'of information on many topics and
the conflicts in existing data on others led us to an approach that de-
manded the largest sample possible and an extensive array of tasks to
bo studied. 'The use of simulations was the pos,t appropriate method.
Further research can now build upon the established data base to study
individual tools in more detail",

,It should also be noted that consumer preferences were not given major
consideration in this work. It viaslimited, for the most part, to

' outwardly observable behavior. 'We followed this approach because the
intended,use dpf data was for application to minimum 6uilding standards.
Considerable variation no doubt exists in- the acceptance-of different de-
sign -conditions. Some people, for example, would rather not have to
'reach up for an object at all, regardless of whether it is within their
reach or not.. Attitudinal issues of this sort deserve a significant
amount of research ,attention. In particular, such Work should compare
the attitudes of disabled and able-bodied people for similar taSks. Re-
search of this Aindwould probably demonstrate that -signifidant incon-
vnienc in access and use of the erivironment is not restricted solely
to disabled people.

. .

The scope of this work did not allow us ,to give 'att@ntion to environ-
ments for young children. There is no empirical daLa presently avail-
able on their needs. Further research should give attention to those
specific parts of the environment where children's small stature, low ,

strength arid imature judgment require differendes in design criterfa.

Finally, the research reported here did rfot give in:depth attention to
the design of products found in .buildings'. We used building products
that, through professional judgment, were considered the optimal -

available (e.g. lever-hinctled door`openers, single-lever faucets)i Re-
search is .already underwa1 by others ,that will provide empirically-
based information ab6ut product,des'ign.

..o
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Tible 42: Space Reguirementfor Making an 1800

,fiurp tn a Whe air (in centimeters)
'

4.

0
Researcher X Y

. ter 180 s- 215.

Bra ttga rda 150 160 .

Nedrebob 150 150
'''

McCul loughc 162 193

Steinfeld .153 .200

>

aAl lowed two 90° turzihs..

bSource: Bra t tga rd , 14074

CNot reported as a minimum.

Table Space Repuiremerits tor .Makin6'a Riqt-
14. Angle Turn (in 'centimeters)

,

R:e sea reher X Y '

Y . - Wal ter' 109 84

% ,e. Brattgard 100 80

. 'Nedreboa 100 90'

s
. Ste., nfel d 91 91,

f

aReparted by Br.attgkrd, 1974

'

;
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Table 44: Spice Requirements for Maneuvering Wheelchairs in Frent

.

of Doorways On centimeters-)

A.

co-

Researchpr

Walter

Bra ttgard

Ownswortha

Nedreboa

Steinfeld

epnakk.

X Clear Opening

126 80

100 Al

100 77.5

135b 76.1

122 76

1

Researcher X Y Clear Opening

Brattgard 120. Ilo 78

Steinfeld 153 107 76

l

ResearChet x Clear Opening'.

Walter '12o ,00

Brattgard 100 78

Ownswortha olla0 77.5

gedreboa 122b 76.1

Steinfeld /07 81

D. ,* Researcher X Clear Opening

Walter 120 80.

Brecttgard 100 '78

Ownsworth
a

100 - 77.5

Nedreboa 125b 76.1

Steinfeld 107 81



3.

O.

. .

Researcher X Clear Open'ing

* Walter'
i

33 80

8rattgard 30 78

Nedrebe 60. 76.1

Steinfeld 61 76 .

. 16.5

F.

.

Reseicher X Clear Opening op

gratt;ard
i0

78

Nedreboa 30 76.1

Steinfeld pcitt Tested

4-

I.

4Source; Brattgar4, 1974

_pot reported as a minimum.
4

4.
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